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CARBOHYDRATE TOLERANCE, BLOOD KETONE LEVELS 
AND NITROGEN BALANCE AFTER HUMAN 
TRAUMA (FRACTURES) 


LEO SACHAR, M.D. 


WATSON WALKER, M.D. 
AND 
JAMES WHITTICO, M.D. 
ST. LOUIS 


HE RECENT interest in the metabolic changes induced by trauma 

is largely due to the studies of Cuthbertson,’ who called attention to 
large losses of nitrogen which occurred in patients after fractures. 
These observations have been frequently confirmed since that time. 
Changes in protein metabolism following trauma have been reviewed 
. by Peters,?, Howard,’ Beattie,t Stevenson® and Cuthbertson.® It is 
now agreed that mechanical trauma in a well nourished person 
results in a negative nitrogen balance: after a lag period of two to three 
days. This so-called catabolic phase lasts for a varying number of 
days, reaching a maximum about the seventh day. The degree and 
the duration of this nitrogen loss depend in part on the nature of the 
trauma and on the dietary intake prior to the trauma. Debilitated 
persons fail to show a catabolic response to trauma. 

The prolonged loss of nitrogen after trauma is correlated with 
loss of weight and asthenia. This is a matter of every day clinical 
experience. However, the purpose of this nitrogen loss is not known. 
Would the traumatized person be better off if the catabolic phase 
could be prevented? Since the mechanism of this response is not 
known, there is no logical approach for preventing the excessive 
tissue protein breakdown even if it were proved undesirable. 


From the Department of Surgery, Washington University, Medical School and 
Homer G. Phillips Hospital. 

Aided by a grant from the National Institute of Health, United States Public 
Health Service, Grant C-982. : 
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3. Howard, J. E.: Protein Metabolism During Convalescence After Trauma: 
Recent Studies, Arch. Surg. 50:166 (March) 1945. 

4. Beattie, J.: Brit. M. J. 2:813, 1947. 

5. Stevenson, J.; Schenker, V., and Browne, J. S. L.: J. Canad. Med. Serv. 
2:345, 1945. 

6. Cuthbertson, D. P.: Lancet 1:433, 1942. 


837 








838 ARCHIVES OF SURGERY 


Less attention has been paid to changes in carbohydrate and fat 
metabolism which occur after trauma and particularly to their possible 
correlation with changes in protein metabolism. For the most part, 
studies on carbohydrate metabolism after trauma have been directed 
chiefly to the question of whether there exists such a condition as 
“post-traumatic” diabetes. Initially this question was raised by Claude 
Bernard’s discovery of the “diabetic puncture” in 1885, i. e., glycosuria 
following puncture of the fourth ventricle. Early investigators were 
concerned with the occurrence of glycosuria in patients following injury 
to the head. Later the scope of the investigations was broadened to 
include other injuries, and still later observations were made on the 
blood sugar levels rather than on the presence or absence of glucose 
in the urine. These earlier studies are reviewed by Thomsen.’ 


PREVIOUS OBSERVATIONS 

Thomsen? reviewed the literature and investigated the occur- 
rence of glycosuria in 144 cases of fracture; glucose tolerance tests 
were performed in 100 of them. He found a transitory glycosuria 
with a diabetic glucose tolerance curve in one third of his cases. 
Although 47 patients were studied for periods of six to thirty-eight 
months, none was found with persistent diabetes as a sequel to 
trauma. Browne, Schenker and Venning* studied a 29 year old man 
with fractures of the femur and tibia for four weeks. A diabetic type 
of glucose tolerance curve was noted on the ninth day, when the nitro- 
gen excretion rate was increased; some improvement in the curve was 
noted on the eighteenth day, when nitrogen equilibrium was being estab- 
lished, and a normal response was noted on the thirty-sixth day, when 
nitrogen was being retained. 

Selye® stated that the blood sugar level rises immediately after 
stress, mainly due to the discharge of epinephrine. Later the blood 
sugar content falls. Then when countershock phenomena appear, 
the level again rises and may reach hyperglycemic levels. 

The present studies are an attempt to determine whether a char- 
acteristic pattern of changes in carbohydrate tolerance and blood ketone 
concentration exists after trauma and whether such changes are corre- 
lated with the changes in protein metabolism previously described. 
In this way it is hoped to define more exactly some of the metabolic 


changes following trauma. 


7. Thomsen, V.: Acta med. Scandinay. (supp.) 91:1, 1938. 

8. Browne, J. S. L.; Schenker, V., and Venning, E. H.: Conference on 
Metabolic Aspects of Convalescence, New York, Josiah Macy, Jr. Foundation, 
1946. 

9. Selye, H.: Textbook of Endocrinology, Canada, University of Montreal, 
1947, p. 840 
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PROCEDURE AND METHODS 

Twelve previously healthy male patients between the ages of 16 
and 50 with severe fractures of the lower extremities were chosen 
for study. For a period of two to five weeks these patients were 
isolated in a metabolism ward and kept in bed. Studies included daily 
determination of nitrogen balance; frequent analyses of blood ketones, 
both ten to twelve hours after eating and after the administration of 
glucose; frequent glucose tolerance tests, and daily tests for glucose 
in the urine. 

Nitrogen balances were obtained by measuring each twenty-four 
hours the food actually consumed by the patients and computing the 
difference between its nitrogen content and that of the urine and the 
feces. Diets were analyzed according to the Bowes and Church 
tables and the tables in the tenth edition of “Nutrition and Disease” 


TABLE 1.—Nitrogen Balance After Trauma 


Total Nitrogen 
Loss (Gm.) 
First Day Day When Betore 
Day of Nitrogen Positive Nitrogen 
Negative Loss Was Balance Was Equilibrium 
Patient Fracture Balance* Greatest* Achieved* Is Reached 
a Saar Tibia, fibula i 3 s 39.8 
Ba Dsvce ‘ Tibia, fibula 5 8 
R. W. 7.. Aer: Tibia, fibula 2 4 
Be Pass . Tibia, fibula 5 
iy. Wes Tibia, fibula 3 6 
Fe Ince , Tibia, fibula { 
and radius 
Wis Binees Fibula 3 
L. A.. Tibia 2 
eS ‘ Tibia 3 
Average.. ° 3 
* Day refers to the post-traumatic twenty-four hour period, the first day being designated 
as the day of trauma. 


by Cooper, Barber and Mitchell. The diets consisted of 300 Gm. 
of carbohydrates, 85 Gm. of protein and 80 Gm. of fat, supplying 2,260 
calories. This was deemed sufficient to satisfy the caloric require- 
ments in a patient confined to bed. Urinary nitrogen was deter- 
mined on twenty-four hour samples of urine by the macro-Kjeldahl 
method. Fecal nitrogen was estimated as one tenth of the ingested 
nitrogen. 

Postabsorptive blood ketone levels and blood ketone levels two 
hours after the ingestion of 100 Gm. of glucose were determined, the 
method of Weichselbaum and Somogyi’® being employed. 


FINDINGS 
The nitrogen balance in 9 patients was measured for five weeks. 
In table 1 it will be noted that negative nitrogen balance began on the 
third day (average), reached a maximum on the seventh day (average) 


10. Weichselbaum, T., and Somogyi, M.: J. Biol. Chem. 140:5, 1941. 
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and became positive on the nineteenth day (average). The average 
total negative nitrogen loss from the time of trauma to the first day 
a positive balance was reached was 52 Gm. 

In these 9 patients and in an additional 3, periodic sugar tolerance 
curves were determined. The postabsorptive blood sugar levels, 
that is, those obtained in the early morning about ten to twelve hours 
after the last meal, are listed in table 3. In table 2 the highest blood 
sugar level obtained in the sugar tolerance test is listed. Six of the 
12 patients showed an impaired sugar tolerance during the first week 
after fracture, with gradual improvement during the succeeding weeks. 
Five of these 6 patients showed a diabetic type of curve during the 


TABLE 2.—Highest Whole Blood Sugar Content (Mg. 1/100 Cc.) During Sugar Tolerance Test 
Following Trauma* 








Post-Traumatic Day—Nitrogen Balance Indicated by + or — 
Patient Fracture 1 2 3 4 56 6 7 8 9 10 11 12 13 14 15 16 17 19 20 2 23 96 37 38 89 


ie 2% 9 + 48 


Sere ee ees 


OD cs. she ta ox SORE ae ve we ee 
. 18 

fibula ae 
Tibia, 
fibula 
Femur 

Femur is 

187 

Femur o— 
Tibia 
Tibia 
Tibia 


Tibia 


122 
1, 197 
~ Sie 


‘é 191 oa 235 si ~ ci pe ele el 





* Blood sugar levels are “true blood sugar levels.” Normal postabsorptive concentration is 65 to 90 mg. per hun- 
dred cubic centimeters. 


first post-traumatic week, i.e., the blood sugar content rose over 150 
mg. per hundred cubic centimeters. A seventh patient showed gradual 
loss of sugar tolerance, reaching a maximum about two weeks after 
trauma. This patient also showed a “diabetic type” of sugar tolerance 
curve. In all 6 cases of “post-traumatic diabetes,” the sugar tolerance 
returned to normal within six weeks or less. In the remaining 5 patients 
there was not much alteration of the. sugar tolerance curve or of the 
postabsorptive blood sugar level. The 5 patients who failed to show 
an alteration of the glucose tolerance showed the same characteristic 
post-traumatic loss of nitrogen as did those patients whose glucose 
tolerance was impaired. The different responses with respect to the 
blood sugar levels could not be explained on the basis of sex, general 
nutritional state or severity of injury. 
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Blood ketone levels are expressed in terms of milligrams of beta- 
hydroxybutyric acid per hundred cubic centimeters of blood. In table 
4 postabsorptive blood ketone levels at varying times after trauma are 
listed. In addition the level of the blood ketones two hours after 
the ingestion of glucose is given. According to Weichselbaum and 


TABLE 3.—Postabsorptive Whole Blood Sugar Content (Mg. 1/100 Cc.) After Traum 


Post-Traumatic Day 

Patient Fracture 1 6 7 8 FG WUWB MD bY DW W 2 ws w 3 

J.L. Tibia, Ws ee ae 
fibula 

» W....60.. Tibia, ta? ite? ero <6 gy Dak en ¥O Cee Gs a ee a 
fibula 

5 = Tibia, 
fibula 
Tibia, 
fibula 
Tibia, 
fibula 
Femur 
Femur 
Femur 
Tibia 
Tibia 
Tibia o 88 
Tibia 100 








TaBLe 4.—Postabsorptive Blood Ketones After Fractures (Milligrams of Betahydroxybutyric 
Acid per Hundred Cubic Centimeters of Whole Blood) 


Post-Traumatic Day—Lower Figure Indicates Ketone Level 2 Hours After Ingestion of 100 Gm. of Glucose 
Patient Fracture am ee sae Se ee, | 
Fe Tnroces ... Patella, 
tibia 


7 8 9 W1B BB ME 17 1 8 4 31 eM BH 


8.7 . ° oe 18 
WD an co ce 36 


-» 2.9 
- 19 


Femur 


Femur 


Femur 

Tibia 

Tibia 

Tibia, iia waa oer <ine Naw 

clavicle wi’ See ere ~ ie 

Tibia - os 2.8 sie. ae 
ne «s- ca ou Oe 





Somogyi *® normal human blood in the postabsorptive state contains 
less than 1 mg. of betahydroxybutyric acid and acetoacetic acid per 
hundred cubic centimeters. We have found somewhat higher values 
in our normal patients, on the order of 2.0 mg. The difference may 
represent a racial difference, since our patients were all Negroes and 


Weichselbaum’s and Somogyi’s were white. It is apparent from 


table 2 that for the most part, but not invariably, the postabsorptive 
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blood ketone levels were slightly increased during the catabolic phase. 
In no case does the blood ketone level approach the levels seen in 
cases of starvation, e. g., 38 or 44 mg. per hundred cubic centimeters, 
although the daily nitrogen loss may exceed that seen in starvation." 
In several cases (J.L., L.J., L.A., J.W., L.M., C.R.) the postabsorp- 
tive ketone levels were higher toward the end of the catabolic phase 
than they were at the height of the nitrogen loss. The ingestion of 
glucose caused the ketonemic level to fall. This was true at every 
phase of the post-traumatic period. This response is the same as that 
found in healthy persons by Somogyi." 


COMMENT 


The findings in this report permit a more detailed description of 
certain features of the systemic reaction to local injury (fractures) in 
man than has been possible before. In confirmation of the observations 
of previous workers, we found that after a severe fracture and a lag of 
several days the nitrogen balance becomes negative, the peak being 
reached in about a week. In our cases nitrogen balance again became 
positive about three weeks after the fracture. 

During the first week or so of this “catabolic phase” there is a 
tendency toward a diminished sugar tolerance. This change in sugar 
tolerance varies in degree. In half of our cases it was so marked as to 
place the patient in the “diabetic” group. In one third of the cases the 
loss of tolerance was negligible or absent. Analysis of the individual 
cases revealed no apparent reason for this variable response. Thus 
there seemed to be no correlation between the extent of the injury and 
the state of nutrition or any other factor of which we were aware. 

An attempt may be made to interpret the significance of these varia- 
tions in glucose tolerance after skeletal trauma. It is obvious that the 
stimulus is about the same in all patients. The reason that some persons 
show no change is probably that their homeostatic mechanism is 
well developed. This mechanism maintains a constant blood sugar 
level in that factors which tend to raise the level immediately provoke 
other factors which return it to normal. It seems likely that in every 
well nourished patient there is a tendency toward a rise in the post- 
absorptive blood sugar concentration and a decreased sugar tolerance 
after skeletal trauma. If the injured person has a good homeostatic 
mechanism, this change in carbohydrate metabolism does not become 
evident because a compensatory mechanism, possibly an increased insulin 
production, is promptly provoked. On the other hand, if the injured 


person has a poor homeostatic mechanism, the changes in carbohydrate 
tolerance become obvious. This may be the reason that diabetic patients, 


i1. Somogyi, M.: J. Biol. Chem. 145:575, 1942 
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particularly the so-called “‘unstable diabetics,” with a poor homeostatic 
mechanism show these post-traumatic carbohydrate changes in an 
extreme form. Such changes in reality constitute an exaggeration of 
diabetes, which has been observed to occur in diabetic patients after 
fracture.’ Thus this response of a diabetic patient to skeletal trauma 
is merely an exaggeration of the normal reaction. Conversely, the 
diabetic-like changes observed in some of the patients in the present 
study may indicate a defect in their homeostatic mechanism, which may 
later become manifest as diabetes. 

Although the sugar tolerance tends to be diminshed during the 
catabolic phase, there is no constant temporal relationship between the 
time of the greatest loss of nitrogen and the most marked change in 
sugar tolerance. The sugar tolerance gradually improves as nitrogen 
balance again takes place. The “post-traumatic diabetes,” therefore, is 
self limited and temporary as well as variable. 

It has been shown ** that persons given adrenocorticotropic hormone 
respond with a negative nitrogen balance and with a loss of sugar 
tolerance. However, the changes in sugar tolerance and nitrogen 
balance do not parallel each other. On the basis of these observations, 
an increased output of adrenocorticotropic hormone after trauma, as 
postulated by Selye,® would account for the metabolic changes described 
in this report. That such an increased output actually occurs is indicated 
by the observation '* that there is an increased output of urinary corti- 
coids in previously healthy persons subjected to trauma. 

The changes in the levels of blood ketones herein observed may reflect 
changes in the glycogen content of the liver inasmuch as it is now 
generally recognized*® that by and large the production of ketone 
bodies is correlated with the glycogen content of the liver. The level of 
postabsorptive ketonemia which we observed at the height of the phase 
of nitrogen loss was much lower than the levels seen in fasting subjects 
by Somogyi." This fact indicates that there is no depletion of liver 
glycogen during the phase of post-traumatic loss of nitrogen. The 
mechanism of nitrogen loss after trauma differs, therefore, from the 
mechanism of nitrogen loss during fasting as it is not dependent on 
depletion of liver glycogen. It is understandable, therefore, that direct 


12. Wilder, R. M., in Christopher, F.: Textbook of Surgery, ed. 2, Phila 
delphia, W. B. Saunders Company, 1939, p. 1623. 

13. Conn, J. W.; Louis, L. W., and Johnston, M. W.: J. Lab. & Clin. Med 
34:255, 1949. 

14. Weil, P., and Browne, J. S. L.: Science 90:445, 1939; J. Clin. Investigation 
19:772, 1940. Venning, E. H., and Browne, J. S. L.: Federation Proc. 4:108, 
1945. Shipley, R. A.; Dorfinan, R. I.; Buchwald, E., and Ross, F.: J. Cis 
Investigation 25:673, 1946. 

15. Mirsky, A.: The Etiology of Diabetic Acidosis, J. A. M. A. 118:690 (Feb 
28) 1942. 


sccentacii negate CASIO 
on 
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observations ** have shown that high carbohydrate diets fail to prevent 
the post-traumatic loss of nitrogen. 

The rise in postabsorptive ketonemia toward the end of the catabolic 
phase seen in some of our cases might indicate that the glycogen content 
of the liver in these instances was actually higher during the period of 
maximum nitrogen loss than it was when nitrogen balance was being 
obtained. Such an interpretation is consistent with the finding of Browne 
and others ** that there were increased amounts of a substance capable 
of promoting glyconeogenesis in the urine during the catabolic phase. 


SUMMARY AND CONCLUSIONS 


1. Previous observations that there is an abnormal loss of nitrogen 
following trauma, a phenomenon usually referred to as the catabolic 
phase, are confirmed. 


2. Seven of 12 patients who incurred severe fractures showed an 


initial loss of sugar tolerance, which gradually was regained as the 
catabolic period waned. 

3. In 6 of the 12 cases the changes in the sugar tolerance were 
sufficient to place the patient in the “diabetic” group. 

4. The loss of nitrogen after trauma is not associated with marked 
changes in the level of ketonemia as it is during fasting. 


16. Cuthbertson, D. P.: Brit. J. Surg. 23:505, 1936. 








UTILIZATION OF CARBOHYDRATE IN SURGICAL PATIENTS 


Blood Lactic Acid Levels in the Preoperative and Immediate Postoperative Periods 
After Intravenous Administration of Dextrose 


JOHN J. CASTRONUOVO, M.D. 
NEW YORK 


T IS well known that dextrose may be given in large amounts and be 
retained by the normal organism. However, how much of this in- 
gested dextrose the body is capable of oxidizing in time of need and how 
much is merely assimilated as glycogen is problematic. This question 
has received much attention with respect to normal and diabetic persons. 


Yet few studies have been conducted on the surgical patient, who is 
confronted by an urgent need for calories in the postoperative period in 
order to combat starvation ketosis and to prevent depletion of body 


proteins. In this paper an attempt is made to determine whether the 
preoperative and postoperative periods are associated with normal oxida- 
tion of carbohydrates. Inasmuch as carbohydrates have been used until 
now as the principal food to meet the caloric requirement in the post- 
operative state, the question of oxidation of carbohydrate during this 
time is obviously of great importance to the surgeon. 

The work of Woodyatt and others * is fundamental in a consideration 
of how much dextrose may be given to and how much may be retained 
by the normal patient. These investigators found that glucose was ex- 
creted in the urine only after the amount intravenously administered 
exceeded 0.85 Gm. per kilogram per hour. Similar studies by Winslow ? 
further demonstrated that 98 per cent of a 5 per cent solution of dextrose 
and 95 per cent of a 10 per cent solution when given intravenously at the 
rapid rate of 500 cc. per hour was retained and that no appreciable 


Presented at the Clinical Research Meeting of the New York Academy of 
Medicine on June 1, 1949. 

From the Department of Graduate Surgery and Laboratories of the New York 
Medical College, Flower and Fifth Avenue Hospitals. 

Thesis submitted to the faculty of the Graduate School of the New York 
Medical College in partial fulfilment of the requirements for the degree of Master 
of Medical Science in Surgery. 

1. Woodyatt, R. T.; Sansun, W. D., and Wilder, R. M.: Prolonged and 
Accurately Timed Intravenous Injections of Sugar, J. A. M. A. 65:2067 (Dec. 11) 
1915. 

2. Winslow, S.: Dextrose Utilization in Surgical Patients, Surgery 4:867, 
1938. 
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diuresis resulted. Cain and Belk* proved that the body can assimilate 
as much as 5.77 Gm. of dextrose per kilogram per hour, also without 
appreciable glycosuria or diuresis. They concluded that regardless of 
the rate of infusion the coefficient of correlation for grams of dextrose 
given and grams retained was very high—0.9898. Allen * summed up 
this aspect of dextrose assimilation by his “dextrose paradox,” i. e. “that 


remarkable power of the nondiabetic organism to utilize dextrose in 
absolutely unlimited quantity.” 

The normal organism cannot restrict the absorption of dextrose from 
any route of administration. The amount absorbed is dependent only on 
the dose administered. By increasing the amount given to an animal, 
it is possible to kill the animal but impossible to cause more than a small 
portion of the total amount administered to be excreted in the urine. 
\stwood * demonstrated this when he gave injections of dextrose to dogs 
in amounts greater than 12 Gm. per kilogram per hour. All the dogs 
showed signs of hepatic insufficiency, including bilirubinemia, bilirubin- 
uria, bleeding tendency and terminal hyperglycemia. They all died, and 
autopsy revealed widespread intra-abdominal hemorrhages and great 
enlargement of the liver due to glycogen storage. Administration of 
potassium, sodium, bicarbonates, phosphates, insulin, vitamins and liver 
extract failed to alter these effects. 

In view of the capability of the organism to assimilate successfully 
large quantities of dextrose, it has been felt of late by surgeons that 10 
per cent rather than 5 per cent solutions of dextrose should be given to 
furnish the high caloric requirement in the postoperative period. Pareira 
and Somogyi ° advocated this method because a larger amount of dex- 
trose can be fed without overburdening the cardiovascular system. They 
claimed that slow initial administration of the solution will prevent any 
marked degree of glycosuria or diuresis. 

The present paper, however, deals with the problem of utilization of 
carbohydrates by the surgical patient in meeting his preoperative and, 
more important, postoperative fuel requirements. 

The classic method of studying the oxidation of foodstuffs in the 
body has been by observation of the respiratory quotient. The normal 
respiratory quotient in the postoperative state is approximately 0.82. 
If fats are fed in this resting state, they are utilized, and the respiratory 


3. Cain, J. C., and Belk, W. P.: Assimilation Rate of Intravenously Injected 
Glucose in Hospital Patients, Am. J. M. Sc. 203:359, 1942. 

4, Allen, F. M.: Studies Concerning Glycosuria and Diabetes, Cambridge, 
Mass., Harvard University Press, 1913, chap. 1. 

5. Astwood, E. B.; Flynn, J. M., and Krayer, O.: Effect of Continuous 
Intravenous Infusion of Glucose in Normal Dogs, abstracted, J. Clin. Investigation 
21:621, 1942. 

6. Pareira, M. D., and Somogyi, M.: Rationale of Parenteral Glucose Feeding 
in the Postoperative State, Ann. Surg. 127:417, 1948 
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quotient drops to 0.70; when proteins are fed, the respiratory quotient 
is 0.80, while with carbohydrates the respiratory quotient approaches 
unity. Thus, an increase in the respiratory quotient after administration 
of dextrose in the postabsorptive state has been held indicative that 
carbohydrate is in the process of oxidation. If the studies of respiratory 


quotient are done in conjunction with the measurement of the oxygen 
consumed and with the determination of urinary nitrogen, it is possible 
to arrive at accurate estimates of the amount of glucose oxidized. The 
studies of respiratory quotient of Carpenter and Fox? and of Root and 
Carpenter * have shown conclusively that regardless of the amount of 
dextrose given by any route of administration in the postabsorptive 
state, the normal person can oxidize between 6 and 12 Gm. per hour. 
The classic studies of respiratory quotient have also been used to 
demonstrate that the diabetic person is incapable of oxidizing glucose 
without insulin.’ Until recently, therefore, the respiratory quotient has 
been the most widely accepted indicator of carbohydrate utilization.’° 

Another phenomenon associated with normal utilization of dextrose 
is the drop in serum inorganic phosphates following its ingestion. It has 
been postulated that a hexosephosphate compound is one of the inter- 
mediaries in the combustion of sugars. Inorganic phosphates are taken 
from the blood stream and utilized by the tissues, primarily muscle, 
during this process. Hypophosphatemia, therefore, if noted in the usual 
glucose tolerance test, would indicate combustion of sugar.™ 

A third reaction to administration of dextrose found constantly in the 
normal organism is the rise in blood lactic acid. Katayama and Kil- 
lian “* were among the first to believe that lactic acid represented an 
intermediate step in carbohydrate metabolism. They came to this 
conclusion by correlating the rise of blood lactic acid with the hypo- 

7. Carpenter, T. M., and Fox, E. L.: Gaseous Exchange of Human Subjects 
as Affected by Small Quantities of Dextrose, J. Nutrition 2:375, 1930. 

8. Root, H. F., and Carpenter, T. M.: Carbohydrate Combustion in Human 
Subjects After Oral and After Intravenous Administration of Dextrose, Arch. 
Int. Med. 69:997 (June) 1942 

9. Root, H. F., and Carpenter, T. M Effect of Glucose Administration in 
Diabetic Acidosis, Am. J. M. Sc. 206:234, 1943 

10. Soskin, S.: Blood Sugar: Its Origin, Regulation, and Utilization, Physiol 
Rev. 21:140, 1941 Footnote 23 

ll. (a) Blatherwick, N. R.; Bell, M., and Hill, E.: Some Effects of Insulin 
in the Carbohydrate and Phosphorus Metabolism of Normal Individuals, J. Biol 
Chem. 61:241, 1924. (b) Briggs, A. P.; Koechig, I.; Doisy, E. A., and Weber, 
C. J.: Some Changes in the Composition of Blood Due to the Injection of Insulin, 
ibid. 58:721, 1924. (c) Katayama, I., and Killian, J. A.: Changes in Sugar, 
Inorganic Phosphorus, and Lactic Acid of Animal and Human Blood After 
Administration of Insulin and of Glucose, ibid. 71:707, 1927. (d) Wigglesworth, 
V. B.; Woodrow, C. E.; Smith, W., and Winter, L. B.: Effects of Insulin on 
Blood Phosphate, J. Physiol. 57:447, 1923 
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phosphatemia after the administration of dextrose, insulin or a combina- 
tion of both in the normal person. They found that, as with hypophos- 
phatemia, the blood lactic acid was not quantitatively related to the fall in 
blood sugar. They held that this did not prove that lactic acid was not a 
reduction product in the metabolism of carbohydrates, because the lactic 
acid formed was rapidly disposed of in situ or by the liver. This would 
rule out any quantitative relationship between a rise in lactic acid and a 
drop in blood sugar. Isotopic and other studies have shown that lactic 
acid is converted to glycogen by the liver.’* Part of the lactic acid is 
oxidized to carbon dioxide and water during the process. 

The carbohydrate intermediate, pyruvic acid, and its reduction 
product, lactic acid, offered a means of estimating the intensity of an 
intermediate stage in carbohydrate combustion. Root and Carpenter ** 
substantiated their interpretations of utilization of sugar in diabetic 
patients by correlating blood lactic acid and pyruvic acid with the 
respiratory quotient. They found an increase in the respiratory quotient 
and a rise in lactic acid and pyruvic acid following ingestion of dextrose 
by normal persons or by diabetic patients receiving insulin. In patients 
with diabetes who were not given insulin there was no rise in respiratory 
quotient, lactic acid or pyruvic acid. The authors concluded that 
diabetic persons from whom insulin is withheld cannot utilize glucose 
properly. These authors also reported that when the respiratory 
quotient rises more than 0.05 there is an accompanying increase in the 
blood lactic acid and pyruvic acid.’* Bueding ** pointed out the fact 
that after the administration of 1.75 Gm. of dextrose per kilogram an 
average rise of 0.46 mg. per hundred cubic centimeters resulted. Bueding 
and his co-workers noted a poorer response in thiamine-deficient 
patients. It is generally recognized that the blood lactic acid and pyruvic 
acid response to administration of dextrose is a valid indication of 
whether the glucose is in the process of oxidation. This method of 
study is further simplified by the fact that a rigid relationship exists at 
all times between pyruvic acid and lactic acid in the blood.’® This fact 
makes it both theoretically and practically sound to measure the level of 
either pyruvic or lactic acid as an index of carbohydrate metabolism. 

12. Cori, C. F., and Cori, G. T.: Glycogen Formation in Liver from d- and 
l-Lactic Acid, J. Biol. Chem. 81:389, 1929. 

13. Root, H. F.; Stotz, E., and Carpenter, T. M.: Respiratory Quotient, Blood 
Pyruvate and Lactate Responses After Oral Administration of Glucose and Fructose 
in Diabetes Mellitus, With and Without Insulin, Am. J. M. Sc. 211:189, 1946 

14. Bueding, E.; Stein, M. H., and Wortis, H.: Blood Pyruvate Curves Fol- 
lowing Glucose Ingestion in Normal and Thiamine-Deficient Subjects, J. Biol. 
Chem. 140:697, 1941. 

15. Stotz, E., and Bessey, O. A.: Blood Lactate-Pyruvate Relation and Its 
Use in Experimental Thiamine Deficiency in Pigeons, J. Biol. Chem. 143:625, 
1942. 
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The work of Koster and others*® is of extreme interest to the 
surgeon. They found that there was no rise in the respiratory quotient 
following administration of dextrose during the postoperative period. 
The respiratory quotient was determined in the postabsorptive state, and 
50 Gm. of dextrose in 250 cc. of solution was given intravenously. The 
respiratory quotient was determined one-half hour later. The same 
procedure was carried out during operation and repeated at daily 
intervals over a period of sixteen days. Spinal anesthesia was used in 
all cases so as not to interfere with the respiratory exchange. Koster 
found that there was no rise in the respiratory quotient following intra- 
venous administration of dextrose after general surgical procedures for 
a period of from five to seven days. He concluded, therefore, that 
the postoperative state was associated with a disturbance of carbohydrate 
metabolism. Further discussion of his results will appear later in this 
report. 


In order, therefore, to find out if the postoperative period was 
characterized by poor sugar metabolism, it was decided to utilize the 
lactic acid of the blood as an indication. The preoperative period was 
studied in order to establish a normal control. Inasmuch as the patients 
were not in critical condition, the procedures were of an elective nature. 
It was felt that studies carried out from three to seven days preoperatively 
would simulate closely enough the normal state of carbohydrate metabo- 
lism to reveal any disturbance in the postoperative period. 


METHOD 


The following method was used: Ten patients were selected for study in the 
preoperative and postoperative periods. A 300 cc. aqueous solution containing 50 
Gm. of dextrose was given intravenously during an interval of approximately 
twenty minutes. The blood lactic acid and sugar contents as well as the cephalin 
flocculation and thymol turbidity were determined from a sample of blood with- 
drawn just before the infusion of dextrose. The levels obtained were the baseline 
values. Blood was withdrawn at one-half hour intervals thereafter over a period 
of two hours for determinations of lactic acid and sugar. The urinary bladder was 
emptied prior to the infusion of dextrose, and then the urine was collected by 
catheterization every hour until it gave a negative reaction to the qualitative test 
for sugar. The total amount of sugar excreted in the urine was determined 
quantitatively. The patients’ fluid intake and output were carefully charted. Studies 
were carried out in the postabsorptive state i. e., all subjects had fasted for approxi- 
mately fourteen hours. 

High doses of all vitamins were given with an additional 100 mg. of thiamine 
chloride daily prior to study. Patients who were febrile during either the pre- 
operative or the postoperative period were not considered suitable for study. The 
study included a wide range of operative procedures. Estimates of the amount of 
each anesthetic agent, both general and spinal, as well as the duration of each 


16. Koster, H.; Collens, W. S., and Goldzieher, M. A.: Intravenous Injection 
of Glucose: Its Effect on Respiratory Quotient, Am. J. Surg. 8:970, 1930. 
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operation were recorded. Patients in good, fair and poor general condition were 
studied. Young and old as well as male and female subjects were included. (See 
table 1 for clinical data.) Liver function tests were done in order to be sure that 
no hepatic damage was present in either the preoperative or the postoperative 
period. In the presence of hepatic functional impairment with disturbance in the 
glycogen-forming mechanism of the liver, it can be readily understood how a 
diminished capacity on the part of the liver for removing lactic acid from the 
blood and reconverting it to glycogen may result from an increase of the concen- 
tration of the blood lactic acid. Such increases have been reported in cases of 
hepatic disease.1? 

All the studies presented were associated with normal hepatic function. The 
kidneys were also found to be in good condition when urinalysis and studies of 
blood urea were carried out. 


Tas_e 1.—Clinical Data on Patients Studied 








Duration 
General of Opera- Operative 
Patient Ag Sex Weight Condition tion, Hr. Diagnosis Procedure Anesthesia 
B 3 M 120 Good ‘ Penetrating gun- Removal of bullet, Cyclopropane and 
shot wound, chest chest wall ether 
ae 22 , § Good 3 Chronic interval Appendectomy Cyclopropane and 
appendicitis ether 
Good q Indirect inguipal Hernioplasty Cyclopropane 
hernia 
} 
Poor Intestinal Sigmoidostomy Spinal 
obstruction; 
rectal stricture 
Fair Carcinoma of Resection with Continuous spinal 
transverse colon anatomosis 
Fair Chronie duodenal Subtotal Nitrous oxide and 
ulcer, pyloric gastrectomy ether 
obstruction 
Good 5M Splenic vein Splenectomy Nitrous oxide and 
thrombosis; ether 
Banti's disease 
Good Thyroid adenoma, Subtotal Nitrous oxide and 
nontoxic hemithyroidectomy thiopental sodium 
Fair Carcinoma of the Radical mastectomy Nitrous oxide and 
breast thiopental sodium 
Good ‘ Stricture of Exploration ofcom- Continuous spinal 
common bile duct mon bile duct 


8. 





Determinations of lactic acid were by the colorimetric method of Barker and 
Summerson.!8 Blood sugar was determined colorimetrically according to the 
method of Folin and Wu.1® Blood was collected with minimal or no stasis according 

17. Adler, A., and Lange, H.: Der Milchsaduregehalt des Blutes bei Leber- 
krankheiten, Deutsches Arch. f. klin. Med. 197:129, 1927. Loeb, R. F.; Reeves, E. 
B., and Glasier, H. P.: Responses to Injection of Epinephrine in Hepatic Disease, 
J. Clin. Investigation 10:19, 1931. Mizuno, H.: On Quantity of Lactic Acid in 
Rlood, Bile and Urine During Disturbance of Hepatic Functions: Quantity of 
Lactic Acid in Blood of Patients with Liver Disease, Jap. J. Gastroenterol. 3:175, 
1931. Wakefield, E. G., and Greene, C. H.: The Lactic Acid Content of Blood 
and the Partition of Inorganic Sulphate in the Serum of Patients with Hepatic 
Diseases, Ann. Int. Med. $:793, 1930 

18. Barker, S. B., and Summerson, W. H.: Colorimetric Determination of 
Lactic Acid in Biological Material, J. Biol. Chem. 138:535, 1941. 

19. Folin, O., and Wu, H.: A System of Blood Analysis: A Simplified and 
Improved Method for Determination of Sugar, J. Biol. Chem. 41:367, 1920. 
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to the method of Friedemann and Haugen 2° and was deproteinized by use of the 
solution described by Krautman 2! in order to permit completion of the studies of 
lactic acid before the determination of blood sugar values. Quantitative determina- 
tion of the urinary sugar levels was made by the method of Benedict.?? 


RESULTS 


These experiments showed clearly that after the intravenous admin- 
istration of 50 Gm. of dextrose there was an increase in the blood lactic 
acid in all patients in both the preoperative and the postoperative period. 
Results are shown in table 2. The average rise in the blood lactic acid 
in the preoperative period was 6.4 and in the postoperative period 8.5 mg., 
denoting approximately the same magnitude of reaction to administration 
of dextrose before and after operation. The rise noted in these patients 


TaB_eE 2.—Changes in Blood Lactic Acid Following Intravenous Administration of Dextrose Preoperatively 
and Postoperatively 


Days 
Elapsed 
3etween 
Preoperative Blood Lactic Acid Level, Preop- Postoperative Blood Lactic Acid Level, Time 
erative Mg./100 Ce. Elapsed 
. Control — — — —_ — ——————— Between 
Study Rise Operatior 
and Above and 
Patient Basal % A . Hr. 2Hr. Basal Operation Basal %Hr. 1Hr. 1% Hr. . Basal Study Hr 


8.00 ee f 11.00 14.30 6.30 4 J 20.00 10.25 9.00 
12.00 9.25 4.00 3 25 11.00 14.40 3. 7 7.15 

2.10 5. 4.10 49 20.25 17.00 ee 25 8.50 

10,00 5 8.25 12.00 15.30 ] 5.00 

10.00 9.50 21.30 19.80 9.1 3 8.00 

6.30 . 9.20 19.45 28.25 2 19.50 

5.25 10.00 11.50 r E 5.50 

7.00 10.00 li 7.70 

7.2 17.60 22. 23.25 8.25 

4.75 

25.00 25 7 16 


“I Cw te AQP 


13.00 


25 





| 


is of the same degree as that observed when dextrose is administered to 
the normal subject. 

Experiments during the postoperative period were carried out from 
two to seventeen hours after operation. The changes in blood lactic acid 
are also summarized in table 2. The maximum rise in lactic acid did not 
occur with any regularity within a constant period after administration 
of dextrose, as had been already reported by others.""° This shows again 
that lactic acid could not, therefore, bear any quantitative relationship to 
the blood sugar variation at any given moment because of the rapid 
reconversion of lactic acid to glycogen by the liver. This, of course, 

20. Friedmann, T. E., and Haugen, G. E.: Pyruvic Acid: Collection of Blood 
for Determination of Pyruvic and Lactic Acids, J. Biol. Chem. 144:67, 1942. 

21. Krautman, B.: Deproteinizing Reagent for Blood and Cerebrospinal Fluid 
Chemistry, Am. J. Clin. Path. (Tech. supp.) 5:67, 1941. 

22. Benedict, S. R.: The Detection and Estimation of Glucose in Urine, 
J. A. M. A. 57:1193 (Oct. 7) 1911. 
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makes it possible to establish the actual grams of glucose oxidized by 
correlating increase in lactic acid with decrease in blood sugar. These 
experiments do show conclusively that glucose is in the process of 
oxidation. 

The general condition of patients did not cause significant differences 
in the lactic acid response postoperatively. The 5 patients in good con- 
dition showed an average increase of 8.5 mg. per hundred cubic centi- 
meters over the basal value, while the other 5 patients, in fair or poor 
condition, showed an average increase of 8.4 mg. The duration of 
operation, age, sex and operative procedure similarly did not have any 
noticeable effect on the increase in blood lactic acid. These experiments 
have demonstrated that after administration of dextrose in either the pre- 
operative or the postoperative period there is always an increase in 


Taste 3.—Changes in Blood Sugar Following Intravenous Administration of Dextrose 
Preoperatively and Postoperatively 





Preoperative Blood Sugar Level, Postoperative Blood Sugar Level, 
Mg./100 Ce. Mg./100 Ce. 
A 





| seems = 
Rise Rise 

Above Above 

Patient Basal %Hr. 1Hr. 1% Hr. Basal Basal . . 1 Hr. Basal 


8. B. 182.0 160.0 2. 100.8 76. 2. 144.6 175.4 
} 100.8 248.0 106.0 94.0 ‘2 161.2 3. 34. 390.6 27. 502.2 
146.3 277.4 238.0 179.0 31, 128.0 232. 184.0 156.0 
176.0 300.0 280.0 216.0 212. ; 177.5 $17. 279. 219.2 5 140.1 
102.0 280.0 210.0 192.0 1. 8 148.0 855 292. 226.0 207.0 
11.1 282.8 151.5 85.9 3.7 . 166.8 28.7 . 236.6 261.9 
90.0 342.0 150.3 92.7 3 252. 93.0 b . 112.5 143.8 
105.3 235.8 135.9 87.3 . 30.5 269.1 283. 248.9 5 
104.6 208.4 238.4 185.6 3.8 93. 186.0 51. 261.1 
123.4 
115.6 399.5 272.6 191.8 \ . 96.9 ‘ 257. 202.5 








blood lactic acid. Inasmuch as lactic acid represents a reduction product 
in the process of oxidation of glucose by the body, it may be concluded 
that the surgical patient is capable of utilizing glucose in either the pre- 
operative or the postoperative period. 

Unlike the lactic acid level, the blood sugar attained its highest value 
in the first sample of blood drawn from the patient after administration 
of dextrose. This was within thirty minutes in all but the first case. 
Blood sugar values are set forth in table 3. The average basal value in 
the preoperative state was 112.1 mg. per hundred cubic centimeters, 
whereas in the postoperative state the average basal value was 131.8 mg. 
The higher value in the postoperative period may be attributed to the 
hyperglycemic action of the anesthetic, especially ether, and to the secre- 
tion of epinephrine immediately after operation.”* The difference between 


23. Soskin, S., and Levine, R.: Carbohydrate Metabolism: Correlation of Phy- 
siological, Biochemical and Clinical Aspects, Chicago, University of Chicago 
Press, 1946, p. 151. 
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preoperative and postoperative basal values, however, was not pro- 
nounced in any case. Another interesting observation is that the average 
rise in blood sugar above the basal value in the postoperative period in 
patients in good general condition was about the same as the rise in 
patients in poor condition. It must be stated, however, that the degree 
of nutrition and vitamin intake was adequate in all patients before 
the administration of dextrose in these studies. This eliminated, to a 
great degree, the known bad effect of malnutrition on carbohydrate 
metabolism. 


Details of fluid balance during these studies are summarized in table 
4. Quantitative determinations of the glucose in the urine after intra- 
venous administration of 50 Gm. of dextrose were performed in all 
instances in which the urine had been carefully preserved. It was 


TABLE 4.—Data on Fluid Balance Preoperatively and Postoperatively 


Preoperatively Postoperatively 
— —— - — —— Prmneve 
Amount Duration Amount Duration 
of Urine of of Urine of 
Glucose Showing Positive Glueose Showing Positive 
Lost Positive Reaction Intake Lost Positive Reaction Intake Output 
in Urine, Reaction, of in 24 : in Urine, Reaction, 
Gm. Ce. Urine, Hr. Hr., Or. Hr., Oc. Gm. Ce 


1.90 § 6.5 3: 1,300 
ri 2.0 ee 





of in 2% a 
Urine, Hr. Hr., Oc. Hr., Oc. 


por 


- 


1,200 vik at ee ear: ca 
1,700 8.86 52 Y 2, 1,200 
1,630 8.90 7 ‘ 

8.60 

12.70 

15.70 

4.50 


go eu 
cooouns 


8. 
L. 
F. 
A. 
WwW. R 
K. M 
T.H 
F.G 
H. 
Z. 


bo BO tS Bo HO Er PS 


>i 


found that an average of 3.2 Gm., or 6.4 per cent of the total amount 
given, was recovered in the urine during the preoperative period. This 
amount of sugar was excreted in an average of 355 cc. of urine, and 
the positive reaction lasted for approximately four hours after intra- 
venous administration of dextrose. By comparison, the urine of these 
patients after operation contained an average of 9.7 Gm., or 19.4 per 
cent, of the dextrose administered, approximately three times as much 
as before operation. This amount of glucose was excreted in an average 
of 718 cc., or twice as much urine, and the urine gave a positive reaction 
for sugar for eleven and a half hours, or three times as long. These 
findings indicate, therefore, in agreement with other reports, that in 
the postoperative period the administration of dextrose is associated 
with increased glycosuria, i. e., the urine gave a positive reaction over 
a longer period and contained larger amounts of glucose.? The average 
twenty-four hour fluid intake in the preoperative period was 2,126 cc. 
and the output 1,333 cc. In the postoperative period the average fluid 
intake was 2,555 cc. and the output 1,584 cc. It is interesting to note 
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that the ratio of intake to output is the same in both periods despite 
increased glycosuria postoperatively. The observation that hypertonic 
solutions of dextrose may be given in the postoperative period without 
causing appreciable dehydration has also been made by Winslow,’ Cain 
and Belk * and Pareira and Somogyi.® 


COMMENT 


Koster assumed from his studies of the respiratory quotient that a 
carbohydrate metabolic disorder existed in the postoperative state. This 
was logical if the respiratory quotient is considered the index of carbo- 
hydrate utilization. Furthermore, the functional and organic dis- 
turbances involved in major surgical procedures are such as to exert 
far reaching effects on bodily mechanisms. 

It is known that the nervous system controls at least two of the 
endocrine glands, the adrenal and the posterior pituitary, presumably by 
the sympathetic centers of the hypothalamus and the brain stem. Excite- 
ment raises the basal metabolic rate, while depressed states such as 
anorexia nervosa and hypophysial cachexia lower it.2* In 1915 Cannon 
demonstrated the psychic control of endocrine functions by his classic 
experiments showing the effects on the tissues and glands of the entire 
organism when epinephrine was secreted in response to various emotional 
states and emergencies.*®> It is well known that disturbances in any of 
the endocrine glands responsible for the production of hormones includ- 
ing the “‘carbohydrate-metabolizing hormones” will cause a compensatory 
reaction in other glands, which successfully combats the original dis- 
turbance. Should this compensatory reaction fail, however, the imbalance 
resulting from hyperfunction or hypofunction of a single endocrine 
gland is apt to produce a series of events in interdependent glands which 
would completely inhibit their normal functions, i. e., the proper metabo- 
lism of sugar. An example of this imbalance is given in the following 
paragraph. 

Besides nervous and emotional factors, conditions of trauma, blood 
loss and shock are known to result in major metabolic disorders. In 
these states the liver is incapable of the proper storage of glycogen.”® 


There is also an associated hypersecretion of epinephrine from the 
adrenal medulla, which results in hyperglycemia. An illustration of 
the compensatory action of other glands in response to the dysfunction 
of the adrenal medulla which occurs during these pathologic conditions 


24. Duncan, G. G.: Diseases of Metabolism, ed. 2, Philadelphia, W. B. Saunders 
Company, 1947, pp. 68 and 422. 

25. Cannon, W. B.: Bodily Changes in Pain, Hunger, Fear and Rage, New 
York, D. Appleton & Company, 1915. 

26. Haist, R. E., and Hamilton, J. I.: Reversibility of Carbohydrate and Other 
Changes in Rats Shocked by Clamping Technique, J. Physiol. 102:471, 1944. 
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is demonstrated when adrenal cortical extract is injected into shocked 
animals. The blood sugar is restored to normal levels. The inter- 
dependence of the adrenal medulla and the cortex in carbohydrate 
metabolism was further demonstrated in adrenalectomized animals; 
when in shock, these animals showed a hypoglycemic response instead 


of the usual increase in blood sugar.** In states of blood loss and shock 
a decrease in efficiency in terms of energy yield of the muscular carbo- 
hydrate metabolism has been reported.2* The same workers showed 
that in addition to carbohydrate metabolic disorders there is an increased 
protein catabolism in the peripheral tissues of shocked animals. 

All these facts tend to indicate that psychic and organic effects of 
major surgical procedures can cause great alterations in bodily metabolic 
processes. Koster believed that he had proved this to be the case when 
he observed that the.respiratory quotient did not rise in the postoperative 
period after the administration of dextrose. His use of the respiratory 
quotient as the criterion on which to base conclusions may be challenged 
in theory and in practice. He determined the respiratory quotient one- 
half hour after administration of dextrose. It is generally agreed, 
however, that if determinations of respiratory quotient are made simul- 
taneously with the blood sugar tolerance test in a normal subject no 
significant change in the respiratory quotient occurs until after the blood 
sugar begins to drop. At the end of one and one-half hours the respi- 
ratory quotient rises to 0.88 or 0.90, representing increased carbo- 
hydrate utilization.*® However, it must be pointed out that other 
workers have obtained significant rises in the respiratory quotient in 
less than one and one-half hours after administration of dextrose.*° 

In theory the respiratory quotient has been violently assailed as an 
indicator of carbohydrate utilization by Soskin and Levine.** They main- 
tain that the respiratory quotient cannot be regarded as an index of a 
single process, i. e., the oxidation of glucose. Many other processes which 
consume oxygen and give off carbon dioxide are also in operation, each 
with a respiratory quotient of its own. The formation of intermediate 
breakdown products of metabolism and the ability to transform one 
foodstuff into another, i. e., sugar into fat or protein, can still give a 
respiratory quotient of 1, which is really not derived from carbohydrate 


27. Selye, H., and Dosne, C.: Influence of Traumatic Shock on Blood Sugar of 
Adrenalectomized Rats Treated with Adrenal Cortical Extract, Proc. Soc. Exper. 
Biol. & Med. 48:532, 1941. 

28. Russell, J. A.; Long, C. N. H., and Engel, F. L.: Biochemical Studies 
on Shock: Role of Peripheral Tissues in Metabolism of Protein and Carbohydrate 
During Hemorrhagic Shock in Rat, J. Exper. Med. 79:1, 1944. 

29. Cantarow, A., and Trumper, M.: Clinical Biochemistry, ed. 2, Philadelphia, 
W. B. Saunders Company, 1939. 


30. Root and Carpenter.*:® Root, Stotz and Carpenter 
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oxidation at all. Even this, however, does not preclude the possibility 
that all energy involved may not be derived from a single foodstuff. 
Once more it must be stated that the majority of investigators still 
consider the respiratory quotient to be the cornerstone for specific 
determination of the type of foodstuff that the body is burning at any 
given moment. 

In this work with lactic acid it is felt that a less controversial and 
more easily determined method has been selected to detect the oxidation 
of carbohydrates. The use of the blood lactic acid has gained general 
recognition in this respect. From the results presented herein, it may 
be concluded that glucose is capable of immediate oxidation and utiliza- 
tion in the preoperative and postoperative periods. When the large 
amount of dextrose which can be given and retained without ill effect is 
considered, the question of the optimum concentration of dextrose 
solution to be used postoperatively arises. Further investigation of this 
optimum concentration might well prove fruitful. 


SUMMARY 


Lactic acid, an intermediary compound in carbohydrate metabolism, 
has been studied in the preoperative and immediate postoperative periods 
following the intravenous administration of dextrose. The blood lactic 
acid increased in all patients during both periods. This finding indicates 


that glucose is capable of oxidation and utilization in the preoperative 
and immediate postoperative periods. Excessive glycosuria or fluid 
imbalance was not observed when dextrose was administered intra- 
venousiy in the immediate postoperative period. However, the amount 
of glucose lost and the duration of glycosuria was somewhat greater 
than in the preoperative control period. 





TUMOR FORMATION IN ATROPHIC TESTES 
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ESTICULAR carcinoma accounts for approximately 1 per cent 

of all deaths from cancer in males. The almost invariable fatal 
outcome of untreated testicular tumors emphasizes the urgency of the 
problem. Little is known of the cause of this cancer. One of the few 
known factors in the problem of testicular neoplasia is the increased 
incidence of carcinoma in patients with preexisting ectopy or cryptor- 
chidism. One of the unknown factors is the definitive reason for this 
increase. (We have used the terms ectopy and cryptorchidism almost 
synonomously although they are distinct entities. ) 

In an analysis of 10,000 inductees examined during the last war, 
the percentage of men showing atrophy of the testis was approximately 
1.7 per cent.1. In other words, there were 165 atrophic testes among 152 
of these 10,000 persons. The figure for undescended testes, both 
inguinal and abdominal, was approximately half of this, i.e., 0.8 per 
cent of these 10,000 men had undescended testes. In a large and similar 
group of 1,000 French soldiers, Aurousseau* found the percentage of 
men showing undescended testes to be approximately the same as the 
figure stated, namely 1 per cent. 

Lowsley and Kirwin have cited the incidence of undescended testes 
in boys under 16 to be approximately 4 per cent. Since only 1 per cent 
of the aforementioned inductees had cryptorchidism, we might assume 
that approximately 3 per cent of preadolescent testes have descended 
to the scrotum by the time adolescence is reached. The problem of 
cryptorchidism is a formidable one to the urologist. It has been estimated 
that 12 to 14 per cent of all undescended testes will become involved 
by tumor, and the formation of tumor is said to be one hundred 
and fifty to two hundred times more common in the abnormally located 


testicle than in the scrotal testis. Even a more conservative figure 


From the United States Marine Hospital. 
1. Baumbrucker, G. O.: Bull. U. S. Army .M. Dept. 5:312, 1946. 


2. Aurousseau: J. de chir. 27:17, 1926. 
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records testicular tumors as twenty-two times more common in 
undescended testes. The reason for the increased incidence of tumor 
in undescended testes is unknown, although vague explanations as 
“developmental disturbances that hamper normal descent of testicles” 
and “increased bodily temperatures in the abdominal and inguinal 
regions over the temperature as found in the scrotum” are heard. 

The answer to this problem of cryptorchidism is not orchidopexy 
per se so far as prevention of tumor formation is concerned. Gilbert ® 
has reviewed the literature on testicular tumors occurring after orchido- 
pexy and has found seventy-seven tumors in testes brought into the 
scrotum from an ectopic position. The average interval between the 
orchidopexy and the recognition of tumor was approximately ten years. 
Since orchidopexy has not significantly lowered the incidence of tumors, 
it would seem that cryptorchidism per se is not the predominant factor 
in the etiology of testicular tumors. 

In a group of over 5,500 persons with testicular tumors, Gilbert 
found a history of previous mumps atrophy in 24, an incidence of 1 in 
220 patients, or 0.5 per cent. On the other hand, the incidence following 
nonspecific atrophy was 1 in 70 patients, or 1.5 per cent, one and a half 
times greater than that following mumps atrophy. 

Several factors, then, are known: 1. In the general male population the 
incidence of atrophy is as great as the incidence of undescended testes. 
2. Testicular tumors are more common in undescended testes than in 
normally placed testes. 3. Undescended testes are almost always atrophic 
to some extent. 4. Testicular tumors are more common after nonspe- 
cific atrophy of the testes than after mumps orchitis with atrophy. What 
conclusion may be drawn from these known facts is a matter of 
conjecture. 

Other factors concerned with the etiology of testicular tumors are 
unknown. A fact which must be considered is that the atrophy asso- 
ciated with ectopy rather than the ectopy itself may be a factor. Little 
has appeared in the literature regarding the association of atrophy with 
testicular tumor formation. 

Hinman * has reported tumor formation in a previously atrophic 
testis. In a personal communication Lloyd Lewis® cited 10 personal 
cases in which tumors occurred in normally descended but atrophic 


testes. He has noted a similar figure of 11 cases of carcinoma occurring 


3. Gilbert, J. B J. Urol. 43:722, 1940; 44:345, 1940; Surg., Gynec. & 
Obst. 71:731, 1940; J. Urol. 46:710, 1941; 51:296, 1944. 
4. Hinman, F.: Surg., Gynec. & Obst. 28:495 (May) 1919. 


5. Lewis, L.: Personal communication to the authors 
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in undescended testes. It is his opinion that the incidence of testicular 
tumors is just as high in the presence of atrophic testes as in the presence 
of cryptorchidism, that is, about twenty times higher than in the testis 
of normal size. He has also found, with Gilbert, that orchidopexy after 
puberty does not reduce the incidence of testicular tumors because the 
testes retain their prepubertal status. In fact, it is not too certain that 
orchidopexy before puberty will decrease the incidence of tumor forma- 
tion. However, this does not invalidate orchidopexy as a therapeutic 
measure when spermatogenesis is the primary concern. Perhaps a 
revision of the attitude regarding the therapy of the atrophic testis, even 
in its normal position, is in order. 


We recently have seen testicular tumors in 2 patients, both of whom 
had had previously existing atrophy of the involved testis. 


REPORT OF CASES 


Case 1—R. J. P., a 51 year old white man, entered the hospital complaining of 
an enlarged right testis of eight months’ duration. The right testis had definitely 
been atrophic since the age of 20, at which time the patient had mumps. He 
remained free from testicular symptoms until about eight months prior to his 
admission, when he first noted a sudden onset of enlargement. There was no 
history of trauma. The mass had increased in size gradually over a few months 
prior to his admission. He reported a 40 pound (18.1 Kg.) loss in weight in a 
period of one and a half years prior to his admission. There was also associated 
severe pain in the back and leg over this same period. Examination revealed a 
firm painless mass in the right side of the scrotum which measured 7 by 3 cm. Cord 
structures were normal. Simple orchiectomy was performed with ligation of 
the cord at the level of the internal ring. The removed specimen was a seminoma. 
The patient received prophylactic high voltage roentgen ray therapy of the right 
inguinal and periaortic regions. He returned for a check-up three months after 
the time of his original admission. He presented a supraclavicular node on the left 
side, which was aspirated and found to be metastatic seminoma. High voltage 
roentgen ray therapy of this area was started. At the completion of this treat- 
ment the node was barely palpable and there was marked erythema over the area. 
He returned for a check-up three months postoperatively, at which time the reaction 
to roentgen rays in the left supraclavicular area had subsided. The patient was 
symptom free and had gained weight. The final diagnoses was (1) seminoma of 
the right testis, previously atrophic, secondary to mumps orchitis and (2) metastasis 
to a left supraclavicular node. 

Case 2.—E. T. W., a 31 year old white man, entered the hospital complaining of 
pain in the right inguinal area and swelling of the right testis. The testis had 
undergone atrophy at the age of 10, although the patient did not know the exact 
reason. He remained symptom free and the testis remained atrophic until one 
month prior to his admission, when he noted a sudden onset of pain and swelling 
in the right side of the scrotum. There was no history of trauma or of gonorrhea, 
although he did engage in excessive sexual intercourse on the night previous to 
the onset of symptoms. Examination revealed a firm, nontender, right testis 
which measured 4.5 by 4.5 cm. Simple orchiectomy was performed on Nov. 16, 
1948, with ligation of the cord at the level of the internal ring. After the specimen 
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was found to be a seminoma, the patient was given prophylactic postoperative 
roentgen ray therapy over the periaortic and right inguinal lymph nodes. He 
was discharged, asymptomatic, and returned to sea. He failed to return for his 
three month check-up. The final diagnosis was (1) seminoma of the right testis, 
previously atrophic, due to unknown cause. 


SUMMARY 


Two cases are presented in which a seminoma occurred in a 
previously atrophic testis. The oft-quoted relationship between cryp- 
torchidism and the formation of the tumor is discussed. A _ possible 
relationship between atrophy and tumor is presented. 





UNUSUAL CASE OF APPARENT MALINGERING 


HARRIS B. SHUMACKER Jr., M.D. 
AND 
H. HASKELL ZIPERMAN, M.D. 
INDIANAPOLIS 


ROM time to time physicians are confronted with the problem of 

dealing with patients who have apparently wilfully fabricated symp- 
toms and signs in order to secure medical attention. At times the story 
and alleged physical signs are so clumsily manufactured that the real 
situation is readily apparent. At other times they are so skilfully woven 
that much ingenuity is required in order to recognize the true nature of 
the malady and, sometimes, unfortunately, it is not recognized until one 
or more needless operative procedures have been carried out. 

The motivating forces have varied as widely as the symptomatology. 
Sometimes the complaints have obviously been made in order to col- 
lect compensation, to secure narcotics, to avoid work or other duties, 
to escape unpleasant situations or for some other recognizable motive. 
At other times the motives are obscure. There is indeed a thin border- 
line between the patient who deliberately feigns illness but becomes so 
perfect an actor and so entranced with the play that the original intent 
is, for all practical purposes, forgotten and the “-hypochondriac whose 
complaints have arisen, not consciously, but as a manifestation of an 
underlying emotional or psychic disorder. 


We have recently encountered a case of apparent malingering so 
unusual that we have felt it advisable to describe it briefly. 


The patient was a 49 year old white married woman who was admitted to the 
hospital on Jan. 31, 1949, complaining of episodes of chills and fever, colicky pain 
in the right upper abdominal area and jaundice. She had been admitted to the 
hospital on two previous occasions. The first was in June 1948. At this time she 
stated that she had undergone a cholecystectomy elsewhere in 1934 after many 
attacks of pain in the right upper abdominal quadrant associated with nausea, 
vomiting and fever on occasions. She said that she was jaundiced at the time of 
operation. After the operation she had been told that a “strawberry gallbladder” 
without stones had been found. For two years she had been free of symptoms; then 
she had begun to have attacks of pain in the right upper abdominal area two or 
three times a year. By 1945 they were occurring with greater frequency and 
in November 1947, after several months of intermittent pain, nausea and vomiting, 
she had undergone a second operation. A note from the operator stated that many 
adhesions had been encountered in the region of the common duct and that the 


From the Department of Surgery, the Indiana University Medical Center. 
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common duct was drained with a T tube. She did well until the tube was removed in 
February 1948. Shortly afterward she began to have colicky pain in the right upper 
quadrant, usually accompanied with nausea and vomiting and occasionally with 
chills and fever. She said that on three occasions she had become jaundiced after 
attacks of pain. At the time of this admission physical examination was essentially 
noncontributory except for some tenderness beneath the right costal margin. 
Examination of blood, urine and stools revealed nothing remarkable. A _ sulfo- 
bromophthalein test, two van den Bergh tests and determination of the serum 
protein all showed normal values. On cholecystographic study there was no visual- 
ization of the biliary tract, and roentgenograms of the gastrointestinal tract revealed 
nothing abnormal except for an indentation in the postbulbar portion of the duo- 
denum, which was compatible with pressure from a dilated common duct. It was 
recognized that some psychosomatic factors were most likely involved, but the 
patient was discharged with a diagnosis of possible stenosis of the common duct. 
She was advised to return if she had another attack of jaundice. 

She was readmitted two and one-half months later. She stated that within the 
preceding two weeks she had had two attacks of severe abdominal pain associated 
with chills, fever, nausea and vomiting. One attack had lasted three days, and 
she had been given morphine and meperidine hydrochloride (demerol hydro- 
chloride®) for relief. She had become jaundiced; she said that her stools had been 
clay-colored but were now brown. Her scleras were described as icteric and her 
skin as definitely yellow. Mild tenderness in the right upper quadrant was present. 
The urine contained no urobilin. There was slight anemia. On one occasion there 
was slight leukocytosis and on another occasion a relatively normal white blood 
cell count. On the day of her admission the van den Bergh reaction was negative, 
both direct and indirect. The following day a delayed positive direct reaction was 
found and the indirect test revealed 0.17 mg. Four days later the same results were 
obtained. The icterus index was 9; the reaction to the serum carotin test was 
positive. On September 3 she was operated on. No stones were palpated in the 
common duct, and bile could be aspirated from it; however, the wall of the duct 
appeared to be thick. On explofation the lumen of the duct was found to be 
small, and two areas of stenosis were present, one at the point of entrance of the 
stump of the cystic duct and the other in the region of the ampulla of Vater. A 
choledochoduodenostomy was performed; two small catheters were left in place, 
one extending from the common duct into the duodenum and the other from the 
right hepatic duct into the duodenum. She had a smooth convalescence, and it 
was thought that her jaundice was clearing. Four days after operation the van den 
Bergh test showed a delayed positive direct reaction and less than 0.1 mg. indirect. 
Ten days later the test gave a negative reaction, both direct and indirect. She 
returned to the outpatient clinic on three occasions during October and November, 
and each time a note was made that the jaundice was decreasing. 

When she was admitted on Jan. 31, 1949, she stated that she had been ill for 
a month with pain, fever, chills and pruritus. The skin of her entire body was 
deeply yellow, but her scleras were practically normal in color. Furthermore, her 
skin was a much lighter shade of yellow than is commonly seen in jaundiced 
patients. She complained of pain when pressure was applied in the right upper 
quadrant. No muscle spasm was noted. Several estimations of hemoglobin showed 
the content to range from 13 to 15 Gm. Leukocyte counts ranged from 7,800 to 
15,550. Differential counts were not remarkable. The urine had a normal yellow 
color, and the stools were brown and normal in appearance. Urobilin and 
urobilinogen were present in the stools. The urine contained no urobilin. Porphyrin 
was absent from the urine and the stools. Four van den Bergh tests were made. The 
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direct reaction was negative in all, and the indirect reaction was reported as negative 
twice, as 0.1 mg. once and as 0.02 mg. once. One icteric index was reported as 
25, but the color was a much brighter yellow than is usually seen in jaundice. 
On another occasion the serum was too cloudy to permit an estimation of the 
icteric index. The total serum protein content was 5.22 Gm., with a normal albumin- 
globulin ratio. The nonprotein nitrogen was within the high normal range, and 
phenolsulfonphthalein excretion was 39 per cent in half an hour. 

In spite of her complaint of classic biliary colic, the history of possible stricture 
or choledocholithiasis and her yellow color, pruritus and fever, it was obvious that 
the patient was really not jaundiced. At least on two occasions when a temperature 
of 101 to 103 F. had been recorded, a careful recheck revealed a normal tempera- 
ture. In spite of instructions that rectal temperatures be taken and that the nurse 
remain constantly with the patient during the time, her temperature curve continued 
to range daily from normal to a high of between 100 and 102.5 F. When she was 
seen daily on rounds her skin did seem warmer than normal. From day to day 
she stated that she was no better and that she continued to have chills and attacks 
of abdominal pain. No chills were observed, and she did not vomit. The patient 
stated that she rarely ate vegetables with a known high carotene content. A carotene 
estimation on February 15 revealed a serum content of 65 micrograms per hundred 
cubic centimeters, while that of a patient known to have obstructive jaundice was 
119 micrograms. When examined under ultraviolet illumination the skin and, more 
remarkably, the nails fluoresced brilliantly with a greenish yellow color. At the 
same time such fluorescence was absent in a patient known to have obstructive 
jaundice and in several normal persons. Similarly, the urine showed the same 
brilliant fluorescence, while there was no fluorescence in urine from normal and 
jaundiced persons. A dilute solution of quinacrine hydrochloride (atabrine®) 
exhibited the same fluoresence. The patient’s stools did not fluoresce. Urine obtained 
from the patient after two weeks of hospitalization showed a high content of quina 
crine hydrochloride, 10 mg. per liter. 

When questioned, the patient vehemently denied taking this drug. She talked 
freely about her difficulties at home but said she had taken no medication except 
bile salts. When interviewed by a psychiatric consultant she was at first indignant 
but later talked at length. She was a nurse by profession and had been employed 
in the office of a local physician. Incidentally, when this physician was consulted 
about the possibility that she might have deliberately taken quinacrine hydrochloride, 
he replied that anything was possible with her, that she was a pathologic liar and 
that he had felt that there was a psychosomatic element in her illness. The patient 
stated that most of her difficulties arose because of her husband, who had been 
an extremely unpleasant person most of his life and unusually so since a severe 
“concussion of the brain” seventeen years before. She felt that he was mentally 
unbalanced and needed psychiatric care. He continually made extreme sexual 
demands, not only several times daily but often of a nature which she considered 
perverted. When his demands were refused, he would be physically abusive and 
accuse her of infidelity. He denied parentage of the last two of her eleven preg- 
nancies. He would use obscene language in the presence of her children and 
would upbraid her concerning their sex life in front of other persons. She recog- 
nized that the question of malingering arose and steadfastly denied it. After she 
left the hospital, patients who had been in adjoining beds said they believed that 


she had managed to bring in and keep with her an apparently unlimited supply of 
a drug which they thought was demerol hydrochloride® and that she had taken 
this medicine when she was unsuccessful in obtaining sedatives from the nurse. 
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She was discharged from the hospital on February 22 and was seen as an 
outpatient on March 7. At this time she had no noticeable discoloration of her 
skin. She stated that she had had several shaking chills since her discharge. A 
week later she returned to reveal the solution of the riddle. She was now separated 
from her husband. According to her account, she had learned from a local druggist 
that he had purchased a large number of quinacrine hydrochloride tablets. She 
brought in one of them crudely covered with chocolate. She stated that she had 
been taking bile salt tablets, four daily, since July 1948. She believed that her 
husband had substituted the chocolate-covered quinacrine hydrochloride tablets in 
the hope she would become discolored and be operated on with fatal outcome. She 
seemed completely unaware of what seemed obvious to us, namely, that the crude 
chocolate covering so poorly simulated the shiny smooth appearance of commer- 
cially prepared coated bile salt tablets that to take them by mistake would be well 
nigh impossible and that the soft chocolate coating would almost certainly have 
been recognized by taste. Since no point would have been gained by bringing up 
these issues, the tablet she had so kindly brought was accepted and she departed. 


The case reported is unusual in the rather complicated set of com- 
plaints and symptoms which were apparently fabricated—“jaundice,” 
pruritus, chills, fever and typical biliary colic. We are unaware of any 
reported case of simulation of jaundice. Had her stools or urine not 
been examined carefully or the serum bilirubin not been determined, it 
is conceivable tht the condition might have been accepted as obstruc- 
tion of the common duct and operation performed. Since in recent 
years great numbers of persons have become familiar with quinacrine 
hydrochloride and its effect on the color of the skin, it was thought advis- 
able to describe this instance of its use in the production of “jaundice.” 


SUMMARY 


A case of apparent malingering is reported in which the appearance 
of jaundice was produced by the ingestion of quinacrine hydrochloride. 





CETYL DIMETHYL ETHYL AMMONIUM BROMIDE CHLORIDE, 
A NEW QUATERNARY AMMONIUM AGENT IN 
SURFACE ANTISEPSIS 


EDWARD F. LEWISON, M.D. 
BALTIMORE 


INCE the epoch-making discovery by Pasteur of the bacterial origin 


of infections the literature has been replete with chemical compounds 
recommended for their antiseptic and disinfectant properties. Perhaps 
on the basis of the old English proverb that “an ounce of prevention 
is worth a pound of cure,” each year this list of surface antiseptics is 


augmented by the introduction of a surprising number of new ones. 
As yet the all-purpose, perfect antiseptic has not been discovered ; how- 
ever, the perennial search and research continues. 

In this cavalcade quest of a sovereign, all-powerful, favored, anti- 
bacterial agent the synthetic detergent compounds first introduced by 
Domagk ' are worthy of special mention. In 1935, shortly after Domagk 
ushered into the world the first of the sulfonamides—the now famous but 
seldom used prontosil—he published a report demonstrating that the 
cationic, quaternary ammonium compound, alkyl dimethyl benzyl 
ammonium chloride, possessed excellent germicidal properties. His 
initial report was followed by many laboratory and clinical studies 
investigating the characteristic properties of this group of synthetic 
detergents. Although benzalkonium chloride (zephiran chloride*) was 
the first of these antiseptic agents to be popularized in this country, it 
has rapidly been followed by others,"* among them being phemerol 
chloride® (benzethonium chloride), ceepryn chloride® (cetyl pyridin- 
ium chloride) and more recently cetylcide® and quamonium.® 

Because of the tremendous demand of many industries, in addition 
to the interest of the pharmaceutical and medical professions, for new 
and improved detergents and wetting agents and because of the keen 

From the Department of Surgery, Tohns Hopkins Hospital. 

1. Domagk, G.: Eine neue Klasse von Desinfektionsmitteln, Deutsche med 
Wehnschr. 61:829, 1935. 

la. Brown, W. E.; Gunderson, M. F.; Schwartz, P., and Wilder, V. M.: A 
Clinical and Bacteriological Study of Phemerol as a Skin Antiseptic, Surg., 
Gynec. & Obst. 78:173, 1944. Helmsworth, J. A., and Hoxworth, P. I.: A 
Clinical Appraisal of Cetylpyridinium Chloride as a Skin Antiseptic, ibid 
80:473, 1945. Shumacker, H. B., Ir.. and Bethea, W. R., Jr.: Some Studies 
With Zephiran, Surgery 14:931, 1943 
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competition for patent rights and royalties, at least a thousand different 
compounds have been synthesized in recent years. 

The ideal antiseptic is one that is powerfully antibacterial against 
all types of pathogenic bacteria in that environment within or on the 
surface of the body where its action is needed and at the same time 
is completely inactive against the constituents of healthy tissue within 
the host. Such a ne plus ultra among antibacterial agents has not yet 
appeared, but the pattern for this paragon of antiseptics has been set 
by the criteria outlined in Pulaski’s * excellent review of this subject. 

1, The substance must be in a form that will permit easy application and rapid 
delivery to the area needed. Thus it must be soluble in tissue fluids well beyond 
the antibacterial level and must have a penetrability sufficient to permit entry 
through and beyond tissue exudates to where the offending organisms reside. If 
the substance is applied in a vehicle, such as solvent or ointment, it must be released 
on contact with tissues in effective concentrations over such period of time as is 
required to combat infection. At the same time, the vehicle must be inert. 


2. Stability on exposure to light, air, wide fluctuations in temperature, humidity, 
and transportation. 


3. Ease of sterilization providing the substance is not self-sterilizing. 


4. Lack of irritation on local application, or adverse reaction on general 
administration. : 


5. Ready washability from wounds and dressings if locally used. 
6. Ease of manufacture and low cost. 


One of the most interesting of the recent quaternary ammonium 
compounds has been cetyl dimethyl ethyl ammonium bromide chloride, 
which has been investigated under the names cetylcide® and quamonium.® 
Cetyleide® is a germicidal agent useful in instrument sterilization and 
differs from quamonium® in containing an inert rust inhibitor and 
isopropyl alcohol. Cetyl dimethyl ethyl ammonium bromide chloride, 
when used as a surface antiseptic, in extremely high dilutions has a potent 
and rapid bactericidal action against a wide variety of organisms. This 
inhibitory effect in high dilution is shared by other members of the 
cationic detergent group possessing the quaternary ammonium struc- 
ture. Also, the inhibition of bacterial growth has been shown by 
Saker, Miller and Harrison* to be irreversible. Gram-positive 
and gram-negative micro-organisms have been found to be equally 
sensitive to the antiseptic action of these surface tension-reducing 
cationic detergents. 

Soaps, which are anionic detergents and the chemical antagonists 
of the cationic agents, inactivate the quaternary ammonium compounds. 
In the routine preoperative preparation of the skin, contact with soap 


2. Pulaski, E. J.: Antiseptics and Disinfection in Relation to Surgical 
Infections, in Meleney, F. L.: Treatise on Surgical Infections, Oxford University 
Press, New York, 1938, chap. 5. 

3. Baker, Z.; Miller, B., and Harrison, R.: .The Germicidal Action of 
Synthetic Detergents, J. Exper. Med. 74:611, 1941. 
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should be avoided by careful rinsing of soap-cleaned areas. In a recent 
study by Swan, Gonzalez, Harris, Coulson and Hopwood‘ the 
quaternary amines were compared to soap in the surgical disinfection 
of hands. Using the Price technic, these investigators concluded that 
a significantly greater and more consistent reduction in the bacterial 
flora of the hands can be obtained with a cationic detergent than with 
the routine soap and water scrub and alcohol soak technic. The studies 
of Thirlby and Vial® utilizing a biologic method rather than in vitro 
tests showed that cleansing for two minutes with a detergent (hexa- 
chlorophene) without a brush proved to be more efficient than scrubbing 
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Fig. 1.—Cetylcide® in high dilution is a rapid and potent antibacterial agent 
against Staph. aureus. 


for ten minutes with soap and water. Animal inoculation of hand 
rinsings was the biologic technic employed. 

I. In recording the results of this study concerning the compara- 
tive antibacterial activity of certain quaternary ammonium compounds, 
the following in vitro technics were used: 


4. Swan, H.; Gonzalez, R. I.; Harris, A.; Coulson, C., and Hopwood, M. L.: 
The Use of Quaternary Ammonium Compound for the Surgical Disinfection cf 
Hands, Bull. Am. Coll. Surgeons 34:44, 1949, 

5. Thirlby, R. L., and Vial, A. B.: A Study of Action of Detergents on Skin 
by Biological Methods, Bull. Am. Coll. Surgeons 34:44, 1949. 
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Fig. 2.—Cetylcide® in high dilution is a rapid and potent antibacterial agent 
against Esch. coli. 
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Fig. 3.—Quamonium,® cetyl dimethyl ethyl ammonium bromide without isopropyl 
alcohol, is a rapid and potent germicide against Staph. aureus. 


868 








NUMBER OF SURVIVING ORGANISMS 





To 3.25 X 108 organisms 
at O minutes 


Quamonium (1:30,000) 
vs. E. coli 


99.9% killed 
in less than 2 minutes 


A 1 








10 15 20 25 30 
KILLING TIME (minutes) 


Fig. 4—Quamonium® is a rapid and potent germicide against Esch. coli. 
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Fig. 6—The antibacterial potency of *quamonium® in varying dilutions is 
illustrated. Cl. tetani is the spore-bearing test organism. 
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Fig. 7.—The antibacterial potency of cetylcide® in varying dilutions is illustrated. 
Cl. tetani is the spore-bearing test organism. All organisms were killed in thirty 
minutes or less. 
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METHOD 


The germicidal power of cetylcide® (0.1 per cent cetyl dimethyl ethyl ammonium 
bromide chloride in aqueous solution to which has been added 0.1 per cent isopropyl! 
alcohol) was compared with that of quamonium® (0.1 per cent cetyl dimethyl ethyl 
ammonium bromide chloride in aqueous solution). These agents were tested in 
vitro against cultures of Staphylococcus aureus and Escherichia coli at 20 C. The 
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Fig. 8.—The antibacterial potency of cetylcide® in varying dilutions is illustrated. 
The approximate curve of dilution versus rapidity of killing is inserted. 


organisms were grown in trypticase soy broth (Baltimore biological laboratory) 
for a period of twenty-four hours. The solutions of cetylcide® 1:1,000 and 
quamonium® 1: 1,000 were diluted with sterile distilled water to an ultimate con- 
centration of 1: 30,000. To 5 cc. of each of these solutions 0.1 cc. of bacterial 
culture was added. A control of 5 cc. of sterile distilled water was similarly treated. 
At intervals of two, five, ten, fifteen and thirty minutes, 0.1 cc. was withdrawn 
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from each tube and plates were poured to determine the number of surviving 
micro-organisms. Results are shown graphically in figures 1, 2, 3 and 4. 

The germicidal power of cetylcide® and quamonium® was next compared in 
vitro against cultures of Clostridium welchii and Clostridium tetani at 20 C. The 
anaerobic test organisms were grown in thioglycollate broth for four days. Serial 
dilutions of both cetylcide® and quamonium® were made with sterile distilled water, 
resulting in concentrations of 1:1,000, 1:2,000, 1:4,000, 1:8,000, 1:16,000, 1:32,000 
and 1: 64,000. To 5 cc. of each of these dilutions 0.1 cc. of anaerobic bacterial 
culture was added. At intervals of two, five, ten, fifteen and thirty minutes 0.1 cc. 
was withdrawn from each tube and subcultured. The surviving organisms were 
determined after seven days of incubation, and the results are graphically indicated 
in figures 5, 6, 7 and 8. 

RESULTS 

With in vitro methods of bacteriologic study the antibacterial activity 
of cetylcide®? and quamonium® against Staph. aureus and Esch. coli 
appears to be rapid and efficient even when the concentration recom- 
mended for routine surgical use is diluted approximately thirty times. 
Ninety-nine per cent of the organisms were killed in less than two 
minutes at room temperature. 

Against the-two anerobic organisms tested, Cl. tetani and Cl. welchii, 
both cetylcide® and quamonium® were highly effective antibacterial 
agents in all of the lower dilutions. In the higher dilutions cetylcide® 
appeared to be a more efficient germicide than quamonium.* Although 
when used within the recommended range of dilution intended for surgi- 
cal employment both compounds were satisfactory, the bactericidal 
effectiveness against other members of the clostridia group and their 
spores cannot be properly predicted. In figure 8 the insert graph indi- 
cates the approximate curve of the time required by cetylcide® in varying 
dilutions to kill 99 per cent of Cl. welchii organisms. 


I]. In the second group of experimental observations the germicidal 


activity of several of the quaternary ammonium agents were compared 
in the presence of varying concentrations of serum. 


METHOD 


Dilutions of cetylcide® 1: 1,000, quamonium® 1: 1,000 and zephiran chloride® 
1,000 were prepared in sterile distilled water. Of each of these three solutions 
5 cc, were placed in six sterile test tubes. To the first tube of each of the three 
series was added 5 cc. of fresh rabbit’s serum (90 per cent in isotonic sodium 
chloride solution). This was then serially diluted in the remaining test tubes, 
a final concentration of serum being made as follows: 45 per cent, per cent, 
11.3 per cent, 5.6 per cent, 2.8 per cent and 1.4 per cent. A seventh tube was 
added to each series which contained sterile distilled water as a control. The test 
organisms used were Staph. aureus and Esch. coli grown in the manner outlined 
previously, To each of the test tubes in the series was added 0.1 cc. of a broth 


1 


culture of one of the test organisms, which gave an approximate concentration of 
fifty million staphylococci per cubic centimeter and sixty million coli per cubic 


centimeter, At the end of five and ten minute intervals, 0.1 cc. of the mixture of 
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serum, germicide and organism was removed and subcultured by the poured plate 
method. After an incubation period of seventy-two hours the results obtained 
were tabulated and recorded in table 1. 


RESULTS 

In the presence of increasing amounts of protein (rabbit’s serum) the 
germicidal activity of the quaternary ammonium agents is impaired. 
Many other quaternary ammonium compounds are known to behave 
similarly in the presence of protein. Antibacterial activity has been 
shown to be decreased in areas of suppuration, considerable tissue 
debris or hemorrhage. When the serum concentration was 22.5 per 
cent and above all three of the compounds produced gross precipitation. 
At serum concentrations of 11.3 per cent and below no precipitation 
occurred and zephiran chloride,® cetylcide® and quamonium® were equal 
in their germicidal properties. 


TABLE 1.—Germicidal Activity of Various Compounds in the Presence of Serumt 


Serum Count at Count at 
Concentration Compound Organisms 5 Minutes 10 Minutes 


45% and 22.5% Zephiran* Esch. coli 0 0 
Staph. aureus 0 0 
Cetylcide* Esch. coli Innumerable Innumerable 
Staph. aureus 0 0 
Quamonium* Esch. coli Innumerable Innumerable 
Staph. aureus 0 0 
11.3%, 5.6%, Zephiran* Esch. coli 0 
2.8% and 1.4% Staph. aureus 0 
Cetylcide* Esch. coli 0 
Staph. aureus 0 
Quamonium* Esch. coli 1) 
Staph. aureus 0 
Control Esch. coli Innumerable Innumerable 
Staph. aureus Innumerable Innumerable 





* Registered trademark. 
+ In moderate concentrations of serum all the agents appeared to be equally effective 
In high concentrations of serum zephiran chloride alone inhibited the growth of Esch. coli. 


III. The germicidal activity of various surface-active agents was 
next investigated. Anaerobic test bacteria were used in the presence of 
defibrinated blood and simulated instruments. 


METHOD 


Three organisms of the clostridia group, Cl. welchii, Cl. tetani and Cl. 
sporogenes, were grown for seventy-two hours in thioglycollate broth (B. B. L.). 
One-half cubic centimeter of each of these, cultures was added to 5 cc. ‘of fresh 
defibrinated rabbit whole blood. Test instruments simulating surgical instruments 
were made from strips of thin sheet iron % inch (0.64 cm.) wide and 1 inch 
(2.54 cm.) long. These were folded in two and the end twisted in such a manner 
as to possess a semiclosed area between the folds. These mock instruments were 
then immersed in the blood and bacteria mixture and allowed to dry for two hours 
at room temperature. One of these contaminated pieces of metal was then placed 
in a test tube containing an antibacterial agent. A series of five compounds 
were investigated, and the contaminated instruments were allowed to remain 
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immersed for varying lengths of time. The instruments were then removed, 
rinsed in sterile distilled water to remove any excess germicide and next placed 
into tubes of thioglycollate broth and incubated for seven days. Results of 
bacterial growth are recorded in table 2. 


RESULTS 
Under conditions simulating actual surgical use, mock instruments 
contaminated by dried blood and anaerobic bacteria were placed in 
various antiseptic solutions. The periods of exposure varied from five 
to thirty minutes. These experimental conditions were far more severe 
than might be expected even under the worst of surgical conditions, 
yet the antibacterial activity of the quaternary ammonium compounds 


TasLe 2.—Germicidal Activity of Various Compounds Against Anaerobic Bacteria 
in the Presence of Blood on Contaminated Instruments} 








Time and Results 


-— - ~ 
Compound Anaerobe 5 Min. 10 Min. 30 Min. 


Zephiran* C). welebii + 0 0 
1:1,000 Cl. tetani 0 0 
Ol, sporogenes a 
Cetylcide* Cl. welehii 0 
1:1,000 Cl. tetani 0 
Cl sporogenes 
1. welehii 
tetani 
. Sporogenes 
welehii 
tetani 
. 8Sporogenes 
welchii 
tetani 
sporogenes 
welchii 
tetani 
. Sporogenes 


Quamonium* 
21,000 


Merthiolate* 
1:1,000 


Metaphen* 
132,500 


+++ +++ +0+ +0+ + 


Control 


eaQqec5an50aceae 
+++ 444+ 444+ 





* Registered trademark. 

+ In the presence of dried blood, anaerobic organisms and simulated instruments the 
quaternary ammonium agents were decidedly superior germicidal agents to the organic 
mereurial compounds tested. Cetylcide alone inhibited the growth of Cl. sporogenes in thirty 
minutes. 


was extremely good. Cetylcide® seemed superior in this instance to 
either zephiran chloride® or quamonium,® both of which failed to kill 
Cl. sporogenes even after thirty minutes. The quaternary ammonium 
compounds would by their very nature be expected to be more efficient 
germicides under the specific experimental conditions imposed than 
either of the two organic mercurials tested. Neither merthiolate® 
(sodium ethylmercurithiosalicylate) in a dilution of 1: 1000 nor meta- 
phen® disinfecting solution (nitromersol) in a dilution of 1:2,500 was 
effective in penetrating the crevices and destroying the anaerobic bac- 
teria present. When used as surface-active antibacterial agents where 
qualities of wetting agents, deflocculation, emulsification and detergency 
are not essential, these well known mercurial antiseptics may well be 
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satisfactory. However, when a surface-active substance is required 
for lowering surface tension as well as for germicidal and detergent 
activity, the quaternary ammonium compounds are definitely superior 
to many of the more popular mercurials. 


IV. In this last group of experimental observations the germicidal 
activity of a series of commonly used cold sterilizing solutions was 
tested against simulated instruments contaminated with clotted blood 
containing Staph. aureus. 

METHOD 


A recently isolated strain of Staph. aureus was grown for twenty-four hours in 
a broth medium. Five cubic centimeters of this culture was added to 10 cc. of 
fresh rabbit blood. This mixture was then poured into a sterile container in which 
the simulated test instruments were placed. The blood was allowed to clot on the 
instruments, and then they were immersed for varying periods in the cold sterilizing 
solution to be tested. Next the instruments were carefully washed in sterile 


TABLE 3.—Germicidal Activity of Commonly Used Cold Sterilizing Solutionst 


Results After 
A 


Sterilizing Solutions : 65 Min. 15 Min. 60 Min 
Cetylcide* 0 
Cold sterilizing solution A 
Bard Parker germicide.................. 

Catgut and sharp instrument sterilizing 
solution B 

Isopropyl alcohol, 70%.... : ve : 

GTR Bike waco nduaectcneneses coocceesnias 

Control (isotonic sodium chloride 
solution) 








* Registered trademark. 

+ In the presence of dried blood, organisms and simulated instruments the cold sterilizing 
solutions having either the quaternary a or formaldehyde as their active 
ingredients were more potent germicides than leopropy! alcohol or lysol 





isotonic sodium chloride solution to remove any remaining excess germicide, and 
then they were dropped into culture tubes containing 15 cc. of a broth medium. 

The cetylcide solution tested was a 1: 1,000 dilution routinely recommended for 
sterilization of surgical instruments. Cold sterilizing solution A is a solution of 
roccal,® the active ingredient of which is zephiran chloride,® amounting to 10 per 
cent before dilution, the remaining ingredients being inert matter. Roccal® is a 
commonly used cold sterilizing solution currently in use in the wards and operating 
rooms of several Baltimore hospitals. Bard Parker germicide is a solution contain- 
ing by weight isopropanol, 65.26 per cent; methanol, 2.75 per cent; formaldehyde, 
8 per cent; sodium salt of bis (2-hydroxy-3,5,6-trichlorophenyl) methane, 0.5 per 
cent, and inert ingredients. Catgut and sharp instrument sterilizing solution B is 
a solution of formaldehyde and ethyl alcohol in use in the operating room of a 
large Baltimore hospital. 

RESULTS 


The results of this in vitro study of the germicidal activity of several 
of the more commonly used solutions routinely employed for the cold 
sterilization of surgical instruments indicate the rapid and _ efficient 
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destruction of pathogenic microbes by three of the six agents tested. 
Cetylcide,® a new cationic germicide, was capable of killing the test 
organisms more quickly than cold sterilizing solution A, the active 
ingredient of which is zephiran chloride.® Under the rigid experi- 
mental conditions demanded in this study both of the formaldehyde- 
containing solutions were highly efficient germicides. The fact that 
formaldehyde is a volatile compound which is highly irritating to the 
eyes and mucous membranes of those who come in contact with it is a 
practical consideration and of no concern regarding its in vitro germi- 
cidal efficiency. However, 2 per cent lysol® and 70 per cent isopropyl 
alcohol were cold sterilizing solutions unfit for the trust placed in them 
and impotent in the presence of clotted blood and contaminated instru- 
ments. 

One may conjecture that since formaldehyde was equal in germicidal 
efficiency to the cationic detergents, notwithstanding the fact that 
micro-organisms were buried in dried blood within the crevices of simu- 
lated instruments, perhaps the property of antibacterial activity is not 
greatly dependent on the physical factor of detergency in the quaternary 
ammonium group of agents. Reduction in surface tension and in the 
cleansing properties of surface-active detergents may be adjuncts in 
the antiseptic function to be performed. 


COMMENT 

Along with systemic chemotherapy the field of surface antisepsis 
and disinfection has exhibited recent growth of tremendous importance, 
scope and complexity. A large amount of literature has resulted from 
the advances in our basic knowledge concerning the intrinsic action of 
antiseptics. Many new compounds have been developed within the 
last few vears and although it is often impossible to state with cer- 
tainty that one agent is superior to another yet the medical profession 
can no longer be permitted the indulgence of clinging to impotent 
antiseptics used merely by force of habit. Attractive coloring or the 
sensationalism of sales promotion are feeble substitutes for scientific 
facts. Sir William Osler reminds us that human nature is both credu- 
lous and gullible: “Curious, odd compounds are these fellow creatures, 
full of fads and eccentricities . . . of whims and fancies” and perhaps 
of antiseptics dear to their hearts. 

In the proper appraisal of any antibacterial agent, one must evaluate 
the experimental findings with great care. A multitude of tests both 
in vitro and in vivo are required for final assessment. What concen- 
tration of antiseptic is required? Against which bacteria is the com- 
pound most effective and what time is required for practical germicidal 
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activity? What are the allergic or toxic effects? What is its action 
on wound healing, its impotence in the presence of soaps or protein 


or its action at various py levels? There are obviously many variables 
~—chemical, physical and biologic—and each is difficult to control. 
Comprehensive data are not available on all the many germicides cur- 


tently in vogue. Thus it is that no single antibacterial substance 
available today meets all the varied requisites incident to surgical 
practice. 

In this experimental study in vitro bacteriologic technics were 
employed to determine the germicidal activity of one of the newer 
quaternary ammonium salts, cetyl dimethyl ethyl ammonium bromide 
chloride. This cationic detergent when used in a dilution of 1: 1,000 or 
even considerably higher (1: 30,000) destroys 99 per cent of the aerobic 
organisms tested in two minutes at room temperature. When tested 
against spore-bearing anaerobes the results appeared to be almost equally 
good. Most spores are known to be resistant to destruction by anti- 
bacterial chemicals. However, the quaternary ammonium agents were 
highly effective in destroying those spore-bearing organisms tested. 

The cationic detergents as a group have the characteristic property 
ef low surface tension, which facilitates their penetration of crevices 
and folds. This function of detergency is separate and distinct from 
germicidal activity, yet it is certainly a most advantageous adjunct in 
surface antisepsis. Also, cetyl dimethyl ethyl ammonium bromide 
chloride is not at all corrosive to metals or alloys. 

It has been frequently found that when antiseptics are applied to 
infected wounds their germicidal efficiency is impaired by the presence 
of blood, pus or tissue debris. Yet, in the presence of serum concen- 
trations likely to be found in clinical applications zephiran chloride,® 
cetylcide®? and quamonium® were equally efficacious as antiseptics 
against the test organisms Esch. coli and Staph. aureus. This particular 
phase of the bacteriologic investigation was repeated several times with 
organisms of different strains. Phemerol,? a new and widely used 
quaternary ammonium agent, was included in these later studies. 
Results indicated that in the presence of high concentrations of serum 
it was not as efficient against Esch. coli as was zephiran chloride® in a 
similar dilution. 

Great difficulty has been demonstrated in the routine cold steriliza- 
tion of sharp instruments grossly contaminated with dried blood and 
bacteria, particularly if the spore-bearing anaerobes are present. The 
germicidal activity of the quaternary compounds tested in this study 
appeared to be vastly superior to that of the two well known organic 
mercurials which were assayed under the specific experimental condi- 
tions outlined. In the final part of this investigation, 70 per cent iso- 
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propyl alcohol and 2 per cent lysol® were found to be cold sterilizing 
solutions the virtues of which were unworthy of their widespread 
popularity. 

Tissue culture studies indicate that recommended dilutions of cetyl 
dimethyl ethyl ammonium bromide chloride in a dilution of 1: 1,000 are 
relatively nontoxic to both normal and tumor tissue culture cells. Clinical 
application of this antiseptic to shaved skin revealed no evidence of 
irritation. 

SUMMARY 

Cetylcide® and quamonium,® the active ingredient of which is cetyl 
dimethyl ethyl ammonium bromide chloride, are quaternary ammonium 
salts of high antibacterial activity. 

In high dilutions the rapidity of action and the potency of these 
antiseptic agents can be favorably compared with those of other cationic 
detergents possessing the quaternary ammonium structure. They are 
practically odorless, colorless and relatively nonirritating to skin, as 
well as being free from such corrosive elements as phenol, formalde- 
hyde or heavy metals. 

Both cetylcide,* a new germicidal agent recommended for the cold 
sterilization of instruments, and quamonium,® a new germicidal agent 
recommended for surface antisepsis, are effective antibacterial agents 
when tested under the most severe experimental conditions. 


A comparison of several commonly used cold sterilizing solutions 
indicated the high degree of germicidal efficiency of such antiseptics 
as formaldehyde, zephiran chloride,* cetylcide*® and quamonium,® 
whereas 70 per cent isopropyl alcohol and 2 per cent lysol® were found 
to be cold sterilizing solutions unworthy of their widespread popularity. 


The quamonium® and cetylcide® used in this study were generously supplied by 
Curvlite Products, Inc., Port Chester, N. Y. 

Chis work was carried out with the technical assistance of Mr. Ronald Wood, 
of the Bacteriology Laboratory of the Wilmer Institute, Johns Hopkins Hospital 
and Johns Hopkins University. 
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HE SCARCITY of available critical literature on the specific char- 

acter of primary retroperitoneal tumors and the prevailing 
impression of their infrequent occurrence have thrust into undeserved 
obscurity a subject of considerable medical significance. The inordi- 
nately high incidence of preoperative diagnostic failures generally 
reported necessitates more widespread cognizance of these tumors than 
has previously been accorded them, since inaccuracies in diagnosis 
engender misleading therapeutic implications. Although the subject is 
considered of special interest to the urologist, because a large proportion 
of retroperitoneal tumors by the very nature of their close relationship 
to the kidney and ureter may cause urinary complications, the surgeon 
and gynecologist are on occasion confronted by such masses when they 
simulate tumors of the abdominal cavity or of the genital tract. 

The area usually named the retroperitoneal space is the space in the 
lumbar and iliac regions which lies between the peritoneum and the 
posterior parietal wall of the abdominal cavity. It is divided into lumbar 
and iliac fossae and extends upward to the twelfth rib and the dorsal 
vertebra and downward to the base of the sacrum and the iliac crest. 
The lateral margins correspond to the lateral borders of the quadratus 
lumborum muscles. The space is filled with fatty areolar tissue through 
which pass the ureter, the renal vessels and the spermatic and ovarian 
vessels. The retroperitoneal tissue abuts against the inferior vena cava 
on the right and the aorta on the left. The iliac lymph glands are pro- 
fusely scattered throughout the iliac fossa, and a well defined chain 
extends from the inguinal ligament to the diaphragm. Many glands and 
nodes are grouped around the trunks of the great blood vessels of the 


region. The tumors originate in this space, behind the posterior wall 


of the peritoneum, having their derivation from any of the tissues situ- 
ated therein, and may become cystic or solid, benign or malignant. 


From the New York Post-Graduate Medical School and Hospital, New York 
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HISTORICAL OBSERVATIONS 


Morgagni is credited with the first description of a retroperitoneal 
tumor in 1761. Slagerman’ stated that the term was first applied by 
Lobstein in 1829 but included tumors not at present recognized as 
belonging to this specific category. According to Hansmann and Budd,* 
until 1880 all retroperitoneal tumors were diagnosed as sarcomas or pan- 
creatic cysts and dismissed from further consideration. In 1871, how- 
ever, Howship reported a tumor comprised of the composite elements 
frequently observed in dermoid teratomas of the ovary. Bassini 
recorded in 1889 a cystic adenoma morphologically resembling a pseudo- 
mucinous cystadenoma of the ovary, and Frank in 1894 observed a 
similar tumor but attributed its histogenesis to an accessory ovary. 
The first discussion of this subject before a medical society was pre- 
sented by Dr. Richard Douglas at a meeting of the Southern Surgical 
Association in 1897, in which acknowledgment was made of a series 
of 20 cases of solid retroperitoneal tumor collected by Rogowski. In 
recent decades, a number of satisfactory reports have been recorded 
revealing the histologic diversity of the tumors and their unpredictable 
manifestations and incidence. Particularly illuminating articles have 
been written by Pemberton and Whitlock,* Mayo and Dixon,* Slager- 
man,' Kretschmer,® Sweetser,® Frank * and Donnelly,’ who have added 
much significant knowledge pertinent to the histogenesis, diagnosis and 
operative approach to the problem. 


EMBRYOLOGIC DERIVATION 

On the basis of an exhaustive study of seventeen unattached retro- 
peritoneal tumors, Hansmann and Budd? arrived at definite conclusions 
concerning the embryologic derivations of these neoplasms. They pro- 
posed the concept that the tumors arise from remnants of the embryonal 
urogenital apparatus, since the histology of the growths was in many 
respects similar to that of tumors which have origin in the adult uro- 
genital apparatus. This hypothesis accounted for the diversification of 
pathologic types as well as the fact that all tumors found in the urogenital 
organs of adults have also been found occurring independently of these 


organs in the retroperitoneal space. Especial emphasis is placed on 


Slagerman, V. B.: California & West. Med. 47:110, 1937. 
Hansmann, G. H., and Budd, J. W.: Am. J. Path. 7:631, 1931. 
Pemberton, J. de J., and Whitlock, M. E.: S. Clin. North America 14:601, 


. Mayo, C. H., and Dixon, C.: Minnesota Med. 10:272, 1927. 
Kretschmer, H. J.: J. Urol. 48:61, 1940. 
Sweetser, T. H.: J. Urol. 47:619, 1942. 
Frank, R. T.: Surgery 4:562, 1938. 


Donnelly, B. A.: Surg., Gynec. & Obst. 83:705, 1946. 
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the role of the mesothelium of the urogenital fold which is capable of 
producing such diverse tissues as may be comprised in these unusual 
tumors. Such a concept may be supported by the well known “anlage” 
theory of Cohnheim * who avers that tiny groups of embryonal cells are 
often located in various parts of the body and that, while normally such 
fetal nests remain dormant, in circumstances of unknown stimuli they 
may be transformed into tumors. Pemberton and Whitlock * reported 
that half of their series of retroperitoneal lipomas seemed to originate 
in the kidneys or the perirenal tissues. Rubin’s opinion is that the 
solid tumors most frequently arise from the pancreas,® kidneys or supra- 
renal glands. O’Leary and Halpert,’® in an excellent report of a tera- 
toma in an infant, concluded that the tumor arose from an embryonal 
anlage within the retroperitoneal space. 


In their development, the tumors may compress, displace or elevate 
any of the abdominal organs; not uncommonly they grow to extend into 
the mesentery of the large and small intestine or into the pelvic connec- 
tive tissues. 

PATHOLOGIC PROCESS 
For purposes of general consideration, primary neoplasms of the 
retroperitoneal space may be classified in the following manner: 
I. Cystic tumors 
(a) Dermoid 
(b) Teratoid 
(c) Developed from wolffian body 
(d) Developed from miillerian duct 
(e) Lymphatic 
(f) Traumatic 
(9) Parasitic 
II. Solid tumors 
(a) Benign 
1. Lipoma 


2. Fibroma 


‘ : 
3. Leiomyoma 
4. Lymphangioma 


(b) Malignant 

. Liposarcoma 

. Myosarcoma 

. Fibrosarcoma 
Neurosarcoma 


nrwhre 


Lymphosarcoma 
Hodgkin’s disease 


. Carcinoma 


Ns 


&. Undifferentiated sarcoma 


(c) Undifferentiated tumors 


9. Lahn, L. J.: Internat. Coll. Surgeons 6:461, 1943. 
10. O'Leary, C., and Halpert, B.: Surgery 21:194, 1947. 
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Retroperitoneal cysts are most commonly found in young women 
and are frequently mistaken for ovarian cysts. Handfield-Jones,*' in an 
excellent survey of the subject, found that usually the cysts have a 
fibrous tissue wall lined with flattened epithelium. They may be single 
or multiple and are more frequently on the left side. In a report of a 
case in infancy, Arnheim '* stated that teratoid tumors are partly cystic 
and partly solid. The cysts are usually multiple, with one large cyst 
occupying the greater part of the tumor. Retroperitoneal cysts are 








Fig. 1.—Photomicrograph of section from retroperitoneal lymphosarcoma. 


subject to infection, and symptoms of acute inflammation may call 
attention to the presence of the mass. 

Lipomas are most frequently encountered in middle life and are more 
common in women. Generally they arise on either side of the verte- 
bral column and grow slowly but progressively to reach, occasionally, 
enormous proportions. Although generally regarded as benign, these 
tumors have a startling proclivity for undergoing malignant change. 
In a series of 50 cases followed by Pemberton and Whitlock * at the 


11. Handfield-Jones, R. M.: Brit. J. Surg. 12:119, 1924. 
12. Arnheim, E.: J. Mt. Sinai Hosp. 10:354, 1943 

















Fig. 2.—Photomicrograph of section from retroperitoneal chorioepithelioma. 
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Fig. 3.—Photomicrograph of section from retroperitoneal leiomyosarcoma. 
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Photomicrograph of section from retroperitoneal dermoid cyst. 
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Mayo Clinic, satisfactory results were achieved in only half, recur- 
rences and death taking place in the others. Sarcomatous change was 
noted in ten of the lipomas at the first examination. In 14 per cent 
of von Wahlendorf’s '* series of 165 cases there was malignant develop- 
ment. Miller ‘* has emphasized not only the tendency to sarcomatous 
degeneration but the surgical difficulties encountered in the removal of 
massive lipomas. These tumors present the appearance of yellow, soit, 
fluctuant masses of fat which may be spherical or lobulated, not infre- 
quently with fibrous septums. Usually there are no peritoneal adhe- 
sions. Microscopic study reveals characteristic large cells of neoplastic 
fat tissue. Myxomatous and fibrous areas may be present. 

Fibromas may occur singly, in clusters or as a series of unconnected 
tumors. In gross appearance they are white and firm, with consid- 
erable variation in size. Ford and Duncan’ reported a fibroma with 
calcification. These tumors also have an alarming tendency to become 
malignant. On microscopic examination, the connective tissue elements 
may be thick or thinly dispersed. However, when the tumor is made 
up of closely packed cells and the intercellular fibers are little developed, 
sarcomatous involvement is incipient. 

The retroperitoneal leiomyomas are likewise prone to undergo malig- 
nant change. Golden and Stout '* reported on a series of 8 patients with 
leiomyomas which arose in the retroperitoneal space. In 5 of these 
patients malignant changes were present in the tumors, and in 3 metas- 
tasis had taken place. 

Retroperitoneal lymphangiomas are exceedingly rare, with only 8 
cases reported in the literature. 

Of the expressly malignant neoplasms, the lymphosarcomas and 
fibrosarcomas predominate in incidence. They grow rapidly and pro- 
gressively and are productive of pain because the gland capsule fuses 
with nodes and tissues of adjacent structures, with resulting tension on 
the nerves of the tissues invaded. Other types that are encountered are 
spindle cell sarcoma, mixed cell sarcoma, fibromyosarcoma and giant 
cell sarcoma. In a review of a large series of retroperitoneal sarcomas, 
Judd and Larson ™* found an ordinary sarcoma in 20 cases and various 
mixed types in 15, with undifferentiated neoplasm in 10. The sarco- 
matous growths are usually hard, sclid and lobulated but frequently 
become degenerated, cystic or hemcrrhagic. They are usually ‘single 
but may be multiple and recurrent. Generally metastasis is late except 
in children. Although metastasis may occur anywhere, the most com- 


13. von Wahlendorf, I Arch. klin. Chir. 115:751, 1921. 

14. Miller, J. R.: Am. J. Obst. 32:652, 1936. 

15. Ford, E., and Duncan, M.: Am. J. Surg. 72:270, 1946. 

16. Golden, T., and Stout, A. P.: Surg., Gynec. & Obst. 73:784, 1941 
17. Judd, E. S., and Larson, M.: S. Clin. North America 12:823, 1933 








886 ARCHIVES OF SURGERY 


mon sites are the liver and the lungs. In reporting a case of cystic, 
hemorrhage, spindle cell sarcoma, Slagerman' stated that metastasis 
occurs in 33 per cent of such cases. 

Retroperitoneal sympathicoblastomas invariably originate in the 
adrenal medulla, but, according to Drake and Hellwig,'* rarely they 
may be found entirely independent of the adrenal gland. Judd and Lar- 
son ‘* classified paraganglioneuroma as an infrequently occurring sar- 
coma. McFarland,'’® after an extensive search, listed ninety-four 
reported retroperitoneal ganglioneuromas. Miller '* has described cases 
of retroperitoneal neurolipoma, neurofibroma and schwannoma. 

The great diversity of cellular types, with every conceivable tissue 
alteration, accounts for the large number of retroperitoneal neoplasms 
which cannot specifically be typed but must be categorized as undiffer- 
entiated tumors. In many, the complete lack of distinguishing charac- 
teristics in the mild neoplastic development prevents classifications in any 
accepted groups. 


INCIDENCE 

Retroperitoneal tumors afflict either sex at any age, showing no 
discrimination in regard to racial, geographic or climatic factors. 
Although all authorities agree that the preponderance of cases occurs 
between the fourth and sixth decades of life, teratoid masses have been 
described in infancy and sarcomas have been reported in persons ranging 
from 1 to 78. Pilcher *° stated that malignant perirenal and retroperito- 
neal tumors are extremely rare in children. According to the surveys 
of Slagerman,' Judd and Larson,’* Mayo and Dixon* and Pemberton 
and Whitlock * sarcomatous neoplasms predominate in males, while the 
incidence of lipomatous and benign tumors is greater in females. 
Although they are generally regarded as exceedingly uncommon, Don- 
nelly * surmises that at least 500 cases of primary retroperitoneal tumors 
have been recorded in the literature. The admonition is certainly in 
order that the frequency of their occurrence demands the considera- 
tion of these neoplasms in the differential diagnosis of unexplained 
abdominal masses. 


SYMPTOMS 

The onset of subjective symptoms is usually insidious and may be 
easily overlooked or disregarded, particularly if the tumor is small. Not 
infrequently the neoplasm is unsuspected until exploration. 


18. Drake, T., and Hellwig, E.: Retroperitoneal Sympathicoblastoma Without 
Involvement of Adrenal Glands, Arch. Path. 33:928 (June) 1942. 


19. McFarland, J.: Ganglioneuroma of Retroperitoneal Origin, Arch. Path. 
11:118 (Jan.) 1931. 


20. Pilcher, F.: Canad. M. A. J. 48:505, 1943. 
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The most common prodromal effects are vague, indistinct, personal 
impressions of malaise such as headache, lassitude, insomnia and pro- 
gressive anorexia and dyspepsia. Because retroperitoneal tumors gen- 
erally develop slowly, symptoms may be transitory and indefinite until 
pressure factors develop or vital organs are invaded. Early complaints 
referable to the digestive tract frequently consist of epigastric distress 
after meals, nausea, vomiting and abdominal pain. Occasionally initial 
symptoms are bloody stools, constipation or a sensation of fulness in 
the abdomen. Symptoms may be preceded by the observation of a mass. 

Pain is generally abdominal but may be located in the lumbar region ; 
although usually a dull, gnawing discomfort, it may be sharp, lancinating 
and colicky. As the tumor extends, local disturbances supervene, due 
to pressure on the lumbar or sacral nerve plexuses or on the venous 
return, which provokes obstipation, enlargement of veins, neuralgic 
pains and edema. Likewise interference with the function of the bladder 
or rectum may simulate disease of the prostate gland. With the exten- 
sion of the mass, pressure symptoms referable to the kidneys, ureters 
and intestinal tract develop. Frequently, because of the very nature of 
the retroperitoneal tissues, considerable neoplastic expansion may take 
place before the advent of disease is apparent. 

Constitutional symptoms, such as progressive loss of weight and 
fatigue, are invariable. Ascites, jaundice and low grade fever may 
occasionally be present. In some cases acute abdominal symptoms 
have occurred, due to intestinal obstruction, peritonitis, intra-abdominal 
rupture or hemorrhage. Sweetser ® has reported a death due to uremia 
because of bilateral ureteral blockage. In an unusual case, Leichner *! 
found glycosuria to be referable to the pressure of a tumor on the pan- 
creas. Hesse* reported that, on occasion, difference in temperature 
of the legs may indicate intrusion of the mass on the abdominal sympa- 
thetic nerves. 


DIAGNOSIS 

The diagnosis of primary retroperitoneal tumors is frequently made 
with difficulty and established only by the process of exclusion. 
Sweetser® stated: “Even the urologist, with his precision instruments 
and methods, has had trouble with the diagnosis of retroperitoneal 
masses.” Kretschmer,’ in reviewing reported retroperitoneal fatty 
tumors in 1939, showed that a mistaken preoperative diagnosis had been 
made in the vast majority of cases. Unless metastasis has taken place, 
there is only an abdominal tumor with associated discomfort. 

Although perplexing and misleading, the diagnosis, in the presence 
of a complete and thorough diagnostic survey, is frequently possible. A 


21. Leichner, W.: Am. J. Surg. 39:68, 1925. 
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retroperitoneal tumor must be differentiated from almost any other 
abdominal condition. The principal abdominal masses which must be 
considered in differential diagnosis may be listed as follows: 


A. Diseases of the kidney producing a mass 
1. Hydronephrosis 
2. Polycystic disease of the kidney 


. Solitary cyst 


3 
4. Hypernephroma 
5 


. Perirenal abscess 

6. Solitary cyst of the kidney 
B. Intra-abdominal masses 

1, Neoplasm and cysts of liver 

2. Enlargement of spleen 
3. Tumors of ovary 
4. Cysts of omentum and mesentery 
5. Cysts of pancreas 
6. Tumors of gastrointestinal tract 


7. Urachal cysts 


The history and the symptomatic background unfortunately afford 
little of a specific nature beyond an occasional vital clue. The physical 
examination reveals sometimes a mass that is definitely separate from 
the kidneys and does not move with respiration. On occasion, asso- 
ciated findings such as an enlarged spleen or lymph nodes are diagnos- 
tically significant. Usually the results of ordinary laboratory tests are 
irrelevant. Invariably, however, clinical suspicions must be supported 
by special examinations, of which roentgenographic studies of the gas- 
trointestinal tract and the urinary tract are most important. 

The gastrointestinal roentgenogram not only eliminates from diag- 
nostic consideration the presence of a primary mass in the digestive 
tract but may clearly demonstrate displacement and distortion of the 
bowel referable to a retroperitoneal tumor. This is well illustrated in 
figures 6, 7 and 8. Pyelography with exposures in a variety of positions 
is the keynote to diagnosis, and the characteristic evidences of extrinsic 
pressure on the urinary tract are so frequently pathognomonic of retro- 
peritoneal tumor as to confirm a suggestive impression. Typical uro- 
graphic defects are lateral, mesial or anterior deflection of the ureter, 
compression distortion of the pelvis and calices, renal rotation, obscura- 
tion of psoas shadows and inexplicable density in the lumbar zone. 
Retrograde pyelography is generally preferable to excretory urography 
and more precisely permits exclusion of specific renal disorders in the 
differential diagnosis. Most authorities reject perirenal air insufflation 
as a routine diagnostic procedure in this particular problem. 





Fig. 6.—Barium enema revealing extrinsic pressure produced by a retro- 
peritoneal tumor on the ascending colon. 


Fig. 7.—Intravenous urogram showing a normal right kidney. There is 
retroperitoneal tumor below the pole of the kidney. 


8&9 
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Windholz ** has described 3 verified cases of large lipomatous tumors 
uncovered by roentgenologic examination. The roentgen appearance in 
all cases was characterized by radiolucency of the areas involved and by 
displacement of retroperitoneal and intra-abdominal structures. In 
tumors comprised of pure fat, the radiolucency is far greater than in 
those which contain myxomatous and fibrous tissues, but the latter also 
do not cast adequate soft tissue shadows. 


Fig. 8.—Small retroperitoneal tumor causing lateral displacement of the lower 
end of the left ureter. 


Although abdominal tumors may simulate retroperitoneal neoplasms 
in certain roentgenographic effects, differentiation in the majority of 
cases is definite and should dispel the universal pessimism regarding pre- 
operative diagnosis. 


TREATMENT 


Effective therapy of retroperitoneal masses is confined to one or 
both of two alternatives: roentgen ray therapy and surgical interven- 
tion. As a rule, the only method of cure of a primary retroperitoneal 
tumor is total extirpation. Surgical intervention is, on occasion, necessi- 
tated by hemorrhage, obstructive factors, intraperitoneal rupture or 
intractable pain. While complete removal of the tumor may subse- 
quently prove to be impossible because of extension and involvement of 
vital parts, operation is nonetheless usually justifiable and indicated. 


22. Windholz, Frank.: Am. J. Roentgenol. 56:594, 1946 





NEWMAN-PINCK—RETROPERITONEAL TUMORS 891 


In the great majority of cases the operative approach has been trans- 
peritoneal since this method is thought to afford far greater accessibility 
and visibility than the lumbar or extraperitoneal operation, the alterna- 
tive procedure. Unfortunately, it has been the unvarying experience of 
all that the transperitoneal approach carries a higher mortality, owing to 
the peril of peritonitis and marked surgical shock consequent to manipu- 
lation of bowels, peritoneal irritation and other factors incident to a 
prolonged difficult operation. Sweetser® has successfully employed a 
lumbar extraperitoneal incision with a median extension down the 
length of the rectus muscle. In this operation the triangular flap of 
abdominal wall is turned back laterally and the peritoneum retracted 
medially to provide excellent exposure with minimal risk of shock. 

Careful scrutiny of available statistical surveys discloses an alarming 
surgical mortality, varying from 16 to 25 per cent, due primarily to 
shock, but caused also by peritonitis, pneumonia, phlebitis and pulmo- 
nary embolism. According to Frank,’ mortality figures correspond 
directly with the degree of malignancy of the growth, the lowest rate 
occurring with benign tumors such as cysts and lipomas and the highest 
with sarcomas and teratomas. 

Because of their locale, rapid growth and tendency to invade essential 
structures, the removal of retroperitoneal masses may require surgical 
feats of Herculean proportions. Occasionally intestinal resection and 
nephrectomy become necessary. Frequently total excision is incom- 
patible with life, and the rate of operative failures in the treatment of this 
type of neoplasm is unhappily high. Andrews,** of the Mayo Clinic, 
reported an operability rate of 7.4 per cent. In the large series reported 
by Donnelly * at the Iowa University Hospital, the operability rate was 
35 per cent. 

While surgical excision is always the therapy of preference, the 
value of irradiation in the management of retroperitoneal growths is 
universally acknowledged. Recent reviews insist on radiotherapy as a 
necessary postoperative adjuvant conducive to both cure and palliation. 
Ockuly and Douglas ** reported success in patients with both operable 
and inoperable tumors treated with roentgen rays. One case of neuro- 
genic sarcoma cited by Adair ** responded to irradiation alone. Don- 
nelly * found that of 22 patients with inoperable tumor treated by 
roentgen rays 77 per cent were considered radiosensitive as demon- 
strated by a decrease in the size of the mass. Judd and Larson ‘* 
reported that 30 of 32 patients treated with roentgen rays were radio- 


23. Andrews, C. F.: Surg., Gynec. & Obst. 36:480, 1923 
24. Ockuly, E. A., and Douglas, E. M.: J. Urol. 37:619, 1937. 
25. Adair, F. E.: Ann. Surg. 96:305, 1932. 








892 ARCHIVES OF SURGERY 


sensitive. Evidence from all clinics supports the impression that relief 
of subjective symptoms and prolongation of life can be extended by 
radiotherapy. 
ANALYSIS OF CASES 

The present series comprises cases selected from the files of the 
New York Post-Graduate Hospital during the past twenty years. In 
every instance the cases were selected to conform with the criteria of 
primary retroperitoneal tumors, so that only those were chosen for con- 
sideration and analysis in which an indisputable diagnosis could be 
made. All dubious cases, those not confirmed by pathologic examination 
and those in which there was the possibility of a remote primary site 
present elsewhere have been excluded from this particular group. 
Meticulous clinical and laboratory studies were performed in order to 
exclude all other clinical possibilities ; 8 atypical cases were not recorded. 


TABLE 1.—Age and Sex Incidence Among Patients with Retroperitoneal Tumors 


Number 0“ 
Age, Yr. Patients 
0 to 1. . 2 
1 to 9. 
10 to 
20 to 2 
0 to 3g 
4) to 
WO to So 
60 to 69 


70 to 79. 





The 33 cases collected in this series do not encompass all the instances 
which might have been included, since in a number of cases in which 
suspicion was aroused because of the history and the roentgen signs a 
laparotomy was not performed which could unmistakably confirm the 
diagnosis. It is our considered judgment, based on the study of other 
cases, that in some biopsy would have corroborated the initial clinical 
impression. 

The incidence of involvement in regard to age and sex is reported in 
table 1. It is significant that while the largest number of cases occurred 
among patients in the fifth and sixth decades, corroborating the findings 


of other clinics, the very young age levels were surprisingly well repre- 
sented. In no case was there a significant family history. With the 
exception of 5 patients, all reported the symptom which ultimately led 
to diagnosis to be the initial episode of sustained distress. Such studies 


as have been possible fail to reveal primary recurrence in cases in which 
total extirpation and subsequent irradiation therapy were possible. 
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As is to be expected, a histologic survey reveals a great diversity 
of cellular types, as has been true in other large reported series. Proper 
pathologic classification of the present group is demonstrated in table 2. 
Sixteen per cent of the total number of tumors were considered on 
initial examination to be benign, and of these, two were subsequently 
proved to have shown malignant change. Among the tumors which 
were considered expressly malignant, lymphosarcoma had the highest 
incidence. There were fewer instances of lipoma and epithelial cysts 
than were anticipated from the review of other reports. 


TABLE 2.—T ypes of Retroperitoneal Tumors Encountered 


Changes 
Chief Complaint 


in 
Roent 
Indiges 


tion, 

Diges 

tive 
Symp 
toms 


Vague 
Discom 
fort Mass Pain 
Lipoma...... 4 en 1 os 2 
Undifferentiated 
Sarcoma ° 1 3 2 
Lymphosarcoma 
Liposarcoma 
Undifferentiated 
Neurofibroma 
Sarcoma. 
Sympathico 
blastoma 
Spindle cell 
sarcoma.. 
Neuroblastoma 


Tumor Number 


Leiomyosarcoma 
Lymphoblastoma 
Fibrolipomyo 
sarcoma... 
Chorio 
epithelioma 


* Bulging eyes. 


+ Swollen testes 


Loss 
ot 


Weight 


geno 
gram 

Positive Gastro 
Uro intes 
graphie tina! 
hanges Tract 


l . ‘ 2 ] 


Physical Findings 
Bloody A 


Stool Mass Fever Edema Anemia (¢ 


The initial symptom in 


the great majority of cases was a sensation 


of vague discomfort, an indefinable malaise, which gave the patient a 
sensation of ill health without any specific systemic manifestations. 


Invariably, gastrointestinal complaints followed, characterized by indef- 


inite abdominal pain, anorexia, constipation and nausea. 


In 4 cases a 


painless 


abdominal 


mass 


heralded 


patients experienced significant pain 


the onset of disease. Thirteen 


as part of the preoperative history. 


Loss of weight was experienced by 


28 per cent of the patients. Four 
patients reported hematuria as the ¢ 


initial complaint. In 2 
series, the patients presented bulg- 
The weight lost varied from 


cases ol 


sympathicoblastoma reported in this 
ing referable to orbital metastasis. 


>» to 


35 pounds (2.3 to 15.9 Kg.). The duration of symptoms prior to medi- 
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cal observation was variable, some presenting themselves after ten days 
days and others procrastinating for two years or more, the average 
interval being eight months. Only 1 patient described bloody stools 
as part of the symptom complex. 

The diagnosis in a great majority of cases was difficult. The only 
invariable physical finding was the presence of a mass of greater or 
lesser size, usually variable in its position in the abdomen. In 68 per 
cent of the cases the tumor was of sufficient size to be of diagnostic 
significance. In 4 cases edema was present. Careful retrospective 
scrutiny indicates that diagnostic roentgenographic changes were pres- 
ent in 53 per cent of the series. Two cases of lymphosarcoma showed 
sufficient urographic signs and distortion of the gastrointestinal tract to 
make the diagnosis certain at once. 

The usual clinical laboratory data were found to be of little signifi- 
cance in ferreting out the correct diagnosis. Five patients revealed 
anemia, only 3 had fever and urinalyses were rarely of value. Chemical 
studies of the blood disclosed no pertinent variations in regard to urea, 
glucose or cholesterol. The sedimentation rate in most instances was 
increased. It is significant that the correct preoperative diagnosis was 
made in only 37 per cent of the cases, the most common errors centering 
on the gastrointestinal and genital organs. Erroneous preoperative clin- 
ical impressions were, in order of frequency, carcinoma of the transverse 
colon, fibroid of the uterus, carcinoma of the stomach, ovarian tumor, 
fibroma of the abdominal wall, pancreatitis and rectal tumor. Five cases 
were undiagnosed prior to exploratory surgical procedure. In some 
of these cases, particularly those reviewed before 1930, sufficient deter- 
minative roentgenologic study was missing, and conceivably a smaller 
percentage of preoperative errors would have been listed had thorough 
clinical surveys been accomplished. This fact would seem to be corrob- 
orated by the data collected after 1940; with greater reliance on roent- 
genologic studies of the urinary and gastrointestinal tracts, we have 
observed a striking percentage of correct diagnoses prior to operative 
intervention. 

All the patients in this series were subjected to exploratory opera- 
tion. Of these, the tumor in 12 was considered operable and total 
excision of the entire tumor was surgically effected. In the remaining 
patients the lesion was found inoperable because of size, association with 
adjacent organs and widespread extension which made extirpation com- 
pletely impossible. In 6 cases a lumbar approach was employed, while 
in the remaining 26 transperitoneal exploration was deemed preferable. 
In certain instances, the selection of the intra-abdominal route was 
influenced by a mistaken preoperative impression. 





NEWMAN-PINCK—RETROPERITONEAL TUMORS 895 


Eight of the patients with operable tumors were treated wholly by 
excision of the tumor and received no roentgen ray therapy. Of these 
4 died postoperatively within three months. One patient with lympho- 
sarcoma was alive two years after operation had been performed. Three 
patients who were operated on for lipoma apparently made complete 
and unequivocal recovery. Four of the patients with inoperable tumors 
were treated with high voltage roentgen ray therapy. In this group, 
2 made no improvement of note and died while in the hospital. The 
remaining 2 apparently derived considerable benefit as manifested by 
subjective feelings of well-being, with relief of pain and diminution in the 
size of the mass. Both of these patients were able to leave the hospital. 
The satisfactory result is obviously referable to the radiosensitivity of 
the tumors involved. Five patients were subjected to both surgical 
intervention and roentgen ray therapy. One patient in this category 
died before the roentgen therapy was completed. In follow-up reports, 
+ acknowledged sustained improvement. Of the patients who were 
granted no especial definite treatment because of considered inoperability, 
50 per cent died postoperatively before their discharge from the hos- 
pital was effected. The cause of death was attributed to a number of 
factors, including pneumonia, shock, peritonitis, hemorrhage and inani- 
tion. The most desired remedial effort would seem to be total excision 
of the tumor. However, because roentgen ray therapy exerts a benefi- 
cent effect in all cases in which the tumor possesses any degree of radio- 
sensitivity, we recommend it in every instance when diagnosis is made, 
including cases of totally inoperable tumors, as well as in cases in which 
the tumor has been totally excised but in which there are suggestive 
neoplastic alterations. 

SUMMARY 

Thirty-three proved cases of primary retroperitoneal tumors are 
reported from New York Post-Graduate Hospital. Fifty per cent of the 
cases occurred in the fifth and sixth decades, 25 per cent in the third 
and fourth decades, 15.9 per cent in the first ten years of life and the 
remaining 9.1 per cent after the age of 70. 

The tumors may be solid, cystic or a combination of both and benign 
or malignant. Sixteen per cent were benign, mainly lipomas. Eighty- 
four per cent of the tumors were reported as malignant, the commonest 
types encountered being lymphosarcoma, undifferentiated tumors, neuro- 
blastoma, lymphoblastoma, neurofibroma, undifferentiated sarcoma, 
spindle cell sarcoma and leiomyosarcoma. The chief complaint is 
usually vague gastrointestinal disturbance. In the late stage of the 
disease, more predominant symptoms are present resulting from inva- 
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sion of nearby surrounding structures by the tumor. The diagnosis 
is difficult. In 53 per cent in this series, roentgen findings in the gastro- 
intestinal tract and retrograde pyelography were sufficient to enable a 
diagnosis to be made. The correct preoperative diagnosis was ascer- 
tained in only 37 per cent of our cases. All the patients in this series 
were subjected to exploratory operation. In 6 cases the lumbar approach 
was employed; in 26 transperitoneal exploration was considered pref- 
erable. In 12 cases total excision of the entire tumor was surgically 
effected. The remaining 20 patients were found to have inoperable 
tumors. Radiotherapy was given in some of the operable cases and’ in 


most of the inoperable cases. The best results are obtained in cases in 


which total excision, can be carried out. 





MASSIVE CELLULITIS OF THE SCALP IN 
PERSONS WITH DIABETES 


J. R. MOORE, M.D. 


JOHN GERRIE, M.D. 
AND 
HAROLD ELLIOTT, M.D. 
MONTREAL, CANADA 


ACERATIONS of the scalp may end with almost fatal complications. 
This is especially true if the patient has an unsuspected diabetes. 
Since the advent of sulfonamides, penicillin and other antibiotics, they 
may be slightly less serious, but 2 patients, recently admitted to this 
hospital, illustrate how poor is the outcome when the initial treatment 
is inadequate. 

Botterell and Jefferson’ pointed out that Briesen found, in a review 
of over five thousand head injuries in Los Angeles, that the longest 
periods of hospitalization were due to septic wounds of the scalp. 
Another factor which they call attention to is “that an infected scalp 
wound makes it impossible to undertake exploratory punctures of the 
skull and dura as the later progress of the case may demand.” In 
neither of our cases were exploratory punctures necessary, but it 
remains an important consideration. 


Case 1—M. R., a 65 year old Iroquois Indian woman known to have diabetes, 
fell downstairs on Dec. 30, 1946, receiving a 1 inch (2.54 cm.) laceration of the 
scalp in the left occipitoparietal region. On December 31 she noticed dizziness, 
with a tendency to fall while walking. The wound was sutured by a private 
physician. (Note twenty-four hour delay.) On Jan. 2, 1947, she was admitted to 
a local hospital with signs of steady deterioration of her general condition. There 
was marked swelling of the face and eyes. 

On January 4 she was admitted to Montreal General Hospital in an irrational 
state. Her temperature was 103 F. and her pulse rate 120, with a fair volume and 
tension. The blood pressure was 140 systolic and 70 diastolic. A sutured lacera- 
tion, 1 inch (2.54 cm.) in length, was situated high up in the left occipitoparietal 
region. The wound exuded serosanguineous fluid. The entire scalp was swollen 
and edematous, particularly over the right side. A minute necrotic sinus opened 
behind the right ear, around which the swelling extended to the right side of the 
face, where the skin was tense and red. There was marked swelling about both 
eyes, so that the lids could be pried open only with metal retractors to permit 


From the departments of general surgery and plastic and 
Montreal General Hospital, McGill University 


neurosurgery, 


1. Botterell, E. H., and Jefferson, G.: Brit. M. J. 1:781 (June 27) 1942. 
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pupillary inspection. The reddish-purplish appearance of both eyelids suggested 
early necrosis (fig. 2). The swelling extended into the neck on the right side. 
Palpable glands were present in both occipital regions. There was acute tender- 
ness over the whole scalp, right side of the face and eyes. The right ear was 


Fig. 1 (case 1).—A, massive spread of infection requiring removal of large necro- 
tic area of scalp following simple laceration of the scalp. B, three weeks after 
injury. Greenish gray necrotic galea—all that remains of the galea and the under- 
lying connective tissue under the right anterior flap 


Fig. 2 (case 1).—Necrosis of the skin over the eyelids nineteen days after 
the patient’s admission to the hospital 


edematous and the canal was practically closed. The abdomen was obese and lax. 
An umbilical hernia and separation of the recti were evident. There was slight 
pitting edema over both ankles. Urinalysis showed the presence of sugar and 
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Fig. 3 (case 1)—Area of necrotic scalp (black). The original laceration was 
in the center of the necrotic area 


Fig. 4 (case 1).—A, three months after laceration of: the scalp. Denuded 
area with granulation tissue ready for skin grafting. Lacerations of scalp ade- 
quately treated initially heal in five days. 8B, appearance of the grafted area four 
months after injury. Patient was continuously in hospital after simple laceration 
of the scalp 
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acetone. The white blood cell count was 17,250. The blood sugar content was 200 
mg. per hundred cubic centimeters. The spinal fluid was clear. Roentgenograms of 
the skull did not show fracture. 

Initial Treatment.—Fifty thousand units of penicillin and 30 grains (1.94 Gm.) 
of sulfathiazole were given every three hours. The diabetes was brought under 
control with administration of 15 units of crystalline zinc insulin every six hours. 
Saline compresses were applied to the wound after removal of the sutures. The 
entire head was shaved. Gas gangrene antitoxin, 4,000 units, and tetanus antitoxin, 
1,500 units subcutaneously and 1,500 units intramuscularly, were given. A smear 
of the wound showed a moderate number of gram-positive cocci. 

During the next twenty-four hours the diabetes was brought under control, 
but parietal edema continued to spread, with increased serosanguineous discharge 
from the wound and from the necrotic sinus behind the right ear. 

Operation (Jan. 5, 1947).—The incision was extended laterally from ear to 
ear through edematous, 3 cm. thick scalp. The cut edges were bloodless and 
exuded thin, sanguineous fluid. The galea aponeurotica and underlying loose 
connective tissue was 1 cm. thick and grayish green. Liberal skin flaps were 
raised from the pericranium. The wound was packed with sulfathiazole-impregnated 
gauze and the scalp edges closed over the packs with steel sutures. Microscopic 
examination of sections of the galea and underlying fibrous tissue showed edema 
and diffuse necrosis with inflammatory cell exudate, the vast majority of inflam- 
matory cells having undergone degeneration and necrosis. Large numbers of 
gram-positive cocci were present; many were in short chains and resembled 
streptococci. 

Postoperative Course-—On January 8 the temperature dropped to normal. The 
diabetes was controlled, and there was improvement in the level of consciousness. 
The swelling of the scalp subsided slightly. There was increased necrosis of 
both scalp flaps in the occipital region. On January 12 edema of the face and 
eyelids was extremely severe, preventing voluntary opening of the lids. Areas 
of ulceration on the eyelids increased in size but became more sharply defined. 
By January 14 the edema of the scalp had subsided considerably. Removal of the 
steel sutures and packing showed a grayish green necrotic slough. The defect 
was tightly packed again, and the scalp edges were redrawn together with steel 
wire sutures 

The appearance of the scalp on January 17 is shown in figure 3. 

On January 23 longitudinal incisions were made through the necrotic scalp 
to the pericranium. The infection appeared less acute. Serosanguineous fluid was 
less in amount. There was no evidence of osteomyelitis in the exposed bone. The 
area was packed as before, and the scalp edges were drawn together. A wet 
dressing was applied. Culture of the wound showed a heavy growth of Staphy- 
lococcus pyogenes and hemolytic streptococci, Lancefield group A. The dress- 
ings were changed every second day for ten days. After this a saturated solution 
of sulfathiazole crystals was applied, and the gauze dressings were changed less 
frequently. The edema of the head and face gradually subsided. 

On March 4 the demarcated necrotic scalp was removed and infected granu- 
lation tissue was exposed (fig. 14). On March 26 the infection of the scalp 


had cleared sufficiently to permit of grafting (fig. 44). The scalp was completely 


lost over the occiput from the crest of the parietal region down to the nape of 
neck and from ear to ear. The area was covered with a split skin graft 1/20,000 
inch in thickness, with the left thoracolumbar region as the donor area. Com- 
plete take of the graft occurred (fig. 4B). 
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By May 2 exotropia of the eyelids had developed from loss of skin and adhesions 
Full thickness grafts from the posterior region of the thorax were applied, with 
good results. 

The total dosage of penicillin was 40,940,000 units and the total dosage of 
sulfathiazole 1,230 grains (82 Gm.). On June 27, 1947, the patient was discharged. 

Case 2.—G. C., a 65 year old Italian laborer, fell in a pool room, on Jan. 29, 
1947, striking his head on a window sill. A small laceration was unattended, 
and four days later it was painful and throbbing. General malaise and anorexia 
were present. 

On February 3 the area of swelling began to ooze yellowish fluid. On Febru- 
ary 4 the patient was admitted to Montreal General Hospital. The temperature 
was 100 F. There was a 1 inch (2.54 cm.) scalp laceration discharging sero- 
sanguineous fluid in the left occipitoparietal region. (Note six days’ delay with- 
out treatment.) The subcutaneous tissue in the surrounding area was boggy. Pus 
was expressed from the wound when pressure was exerted over the scalp. Slight 
edema was present on the right side of and below the right eye and over the right 
side of the face and head. The subcutaneous tissues felt thickened, and there was 
reddening of the skin from the glabella up to the hair line. The right cervical 
chain of lymph nodes was enlarged and tender. There was a tender, nonfluctuant 
group of posterior auricular glands present on the right side. Urinalysis showed 
a positive reaction for glucose. The blaod sugar content was 147 mg. per hundred 
cubic centimeters (on the morning after admission). The white blood cell count 
was 17,750. A roentgenogram of the skull did not show fracture. A smear of 
pus from the head wound showed mode,‘ate numbers of polymorphonuclear leuko- 
cytes with gram-positive cocci in clumps and short chains. Culture revealed 
moderate growth of Staphylococcus pyogenes and hemolytic streptococci, Lance- 
field group B. The staphylococci showed average sensitivity -with one unit of 
penicillin and the streptococci with 0.06 (Oxford) unit. 

Initial Treatment.—The diet was composed of carbohydrates, 254 calories, fat, 
42 calories, and protein, 105 calories. Five units of crystalline zinc insulin was 
given every eight hours and 50,000 units of penicillin every three hours. Saline 
compresses were applied to the head wound. Fifteen hundred units of antitetanic 
serum were given. 

During the next forty-eight hours the area of bogginess extended over the 
whole scalp, with a slight increase in swelling under the right eye and the right 
side of the forehead. 

Operation (Feb. 6, 1947).—A 4 inch (10.16 cm.) incision was made to the peri- 
cranium in a concave forward direction and carried around the occipital region 
across the midline to the right. There was a small amount of thin serosanguineous 
fluid in the region of the initial lesion. The galea aponeurotica and the under- 
lying connective tissue were about 1 cm. in thickness, soft and grayish green 
Above the galea the subcutaneous tissues were firm, edematous and thin. Green- 
ish fluid exuded from the edges of the wound on light pressure. The incision 
was carried forward over the scalp in the midline to the upper part of the frontal 
region into healthy tissue. The longitudinal incision was extended backward to 
the occiput. Practically the whole scalp was involved in the infective process. The 
galea, with its underlying connective tissues, was freed from the pericranium. 
The whole area beneath the flaps was lightly packed with gauze impregnated 
with sulfathiazole. In contrast to the first case, there was free bleeding from 
all cut surfaces of the scalp. Petrolatum dressings were applied. 
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Microscopically the section of galea removed at operation consisted of an 
irregular mass of necrotic fibrous tissue diffusely and heavily infiltrated by poly- 
morphonuclear leukocytes. In sections stained by Gram’s method there were 
large numbers of gram-positive cocci, the vast majority of which were phagocy- 
tosed by the polymorphonuclear cells. These occurred in small clusters, pairs and, 
occasionally, short chains. 

The patient was completely afebrile after the operation. 

On February 9 the dressings were changed (anesthesia induced by the endo- 
tracheal administration of cyclopropane was used). There was less edema present 
in the scalp. The pack was changed and a petrolatum gauze dressing was placed 
over the incision, with an outer layer of absorbent cotton. 

















Fig. 5 ; Five weeks after injury. Scalp after final suturing. 


On February 12 the dressing was changed. No anesthetic agent was used 
as all the area over the top of the scalp for 2 inches (5.08 cm.) on each side of 
the incisions was insensitive to pain. The thickness of the scalp was nearly 
normal. A heavy black silk suture placed through the corners of the flaps in purse- 
string fashion easily approximated the flaps. A second suture was used to hold 
the anterior end of the midline wound together. On February 17 redressing was 
done. On February 24 redressing was again done, and each time closer approxi 
mation of flaps was obtained. On February 28 infection of the scalp appeared 
almost controlled, except for a small area on the right anterior flap which still 
showed a greenish gray thickening of the galea and loose connective tissue beneath 
it (fig. 1B) The flaps were held together as previously described. 
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On March 3 secondary suture was carried out under anesthesia produced by 
endotracheal administration of cyclopropane. The scalp edges were approxi- 
mated with black silk (fig. 5). Four small sheath rubber drains were placed along 
suture lines and dry dressings applied. On March 12 the use of penicillin was 
discontinued. The total dosage was 17,710,000 units. The total dosage of vitamin 
C was 2,600 units. The diabetes was easily kept under control with diet and 
small doses of insulin. ; 


On March 20 the patient was discharged, with the scalp well healed. The 
diabetes was under control by diet alone. 


COMMENT 

A. The Diabetic State and Infection.—These two cases illustrate the 
well known fact that infection in a person with diabetes not under con 
trol is formidable, and that infection of the scalp is no exception. They 
also show how insignificant the initial injury may be and give emphasis 
to the fact that wounds of the scalp must be treated with extreme care. 

The severity of the diabetes is not indicated by the virulence of the 
infection. Dr. Fowler * drew our attention to the fact that in some cases 
the infection was extremely massive but the diabetes was readily con- 
trolled. These were the only 2 cases of massive cellulitis of the scalp 
in 58,000 case records of diabetic persons at the Montreal General Hos- 
pital. However, most physicians are acquainted with infections in which 
the diabetes is not easily controlled.* Perhaps it is easier to understand 
virulence in a diabetic patient now than active antibiotics are available. 

B. The Method of Spread and Complications (fig. 6)—In both 
cases the galea aponeurotica together with its loose underlying con- 
nective tissue was involved, but there was no obvious subpericranial 
infection. This fact lessened to a considerable degree the risk of involve 
ment of the intracranial venous sinuses by spread of the infection 
through the emissary and diploe veins. 

Case 1 illustrates well, and case 2 to a lesser degree, the method by 
which the inflammatory process, when it involves the galea and the 
adjacent loose connective tissue, may spread to the face and particularly 
to the periorbital area. The attachment of the anterior belly of the 
occipitofrontalis muscle is mainly to skin and not to bone. 

An easily overlooked complication of infections of the scalp is 
necrosis, either of the scalp itself or of the tissues of the face which 
have become involved in the inflammatory process. Case 1 showed 
both. In the case in which the cruciate incision was used there was no 
necrosis, but this was also the one in which the infection was not so 
marked and in which bleeding was brisk in all areas. 


2. Joslin, E. P., and others: The Treatment of Diabetes Mellitus, Philadeiphia, 
Lea & Febiger, 194¢ 


3. Fowler, A. F Personal communication to the author 
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Fig. 6.—A, extent of edema in case 1 and recommended incisions. B, in case 
2 incisions used were satisfactory. 
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: _ Fig. 7.—A, in a study on closure of war wounds overseas, the vessels were 
injected by one of us (H. E.) with ethyl iodophenylundecylate (pantopaque®), as 
the above roentgenogram shows. 8B, the recommended “saber cut” incisions are 
planned on the blood supply as shown here. 
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C. Surgical Methods.—Overseas experience in World War II * 
indicated that a double-S incision gave the best exposure and closure 
of head wounds. We are of the opinion, however, that it is not the most 
useful incision in cases of massive infection of the scalp, which often 
involve patients in the older age group. It is our opinion that an incision 
based on the “ 
(fig. 7). 

Diagramatically the 2 cases described have been analyzed according 
to (a) scalp laceration, (b) the extent of the edema and (c) the incision 
advocated (fig. 6). 

A defect of the scalp lends itself well to repair by grafting when 
adequate underlying granulation tissue is present. In 1905 the first 
infection of the scalp at the Montreal General Hospital of which there 
is a record was treated by application of a graft over suitable granulation 
tissue, with a good result.° It was felt in the second case that the 
method of holding the scalp flaps lightly together over packing prevented 


saber cut” of the older writers is the most advantageous 


retraction, which is prone to occur in this area during healing. 


SUMMARY 

Two cases of extensive cellulitis of the scalp in elderly diabetic 
persons are presented. 

In both cases the main layers involved were the galea aponeurotica 
and the underlying connective tissue. The involvement of the face and 
the periorbital tissues in the inflammatory edema when these layers are 
infected is well demonstrated. Additional complications of necrosis of 
the scalp and eyelids occurred in 1 case, in which skin grafting was 
used to cover the defects. 

Treatment of the infection and its complications is outlined. Inci- 


sions advocated for use in dealing with massive infections of the scalp 


are described. 
4. Wounds of the Head: Brit. J. Surg. (War supp. no. 1), June 1947. 
5. Bazin, A. T.: Personal communication to the author. 








NEUROSURGERY IN YOUNG CHILDREN 


HAROLD C. VORIS, M.D. 
CHICAGO 


HE YOUNG child presents special surgical problems. The sur- 
geons in certain large children’s hospitals have developed technics 
for the management of young children that have reduced mortality and 
morbidity. This is true in the surgical specialties and especially in 
neurosurgery. The publications of Bailey, Buchanan and Bucy? and of 
Ingraham and his collaborators,” have added greatly to the knowledge of 
intracranial neoplasm, chronic subdural hematoma and spina bifida. 
This article deals with various neurosurgical lesions that occur in the 
first two years of life. It is limited to that period because there are many 
special problems at this age that are not met with later. On the other 
hand, the surgeon who can successfully handle these tiny patients is well 
equipped to grapple with the neurosurgical problems of the older child. 


A knowledge of the general anatomy and physiology of the young 


child and the special features of its central nervous system is indis- 
pensable to the neurologic surgeon who intends to operate on infants. 
Holt and Howland ® give in detail the measurements and weight of the 
average infant at birth and the details of growth for the first few years 
of life. From the neurosurgical standpoint, the most important features 
of the normal infant’s development are the rate of gain in weight, the 
rate of growth of the head and the curve of development of various neu- 
rologic functions. Table 1 gives the average weight of the child, the 
weight of the brain and the circumference of the head and chest at vari- 

From Mercy Hospital, Loyola University Clinics and the Cook County 
Hospital. 

1. Bailey, P.; Buchanan, D. N., and Bucy, P. C.: Intracranial Tumors of 
Infancy and Childhood, Chicago, University of Chicago Press, 1939 

2. (a) Ingraham, F. D.: Clinical Studies in Craniosynostosis, Surgery 24:518 
541, 1948. (b) Ingraham, F. D.; Alexander, F., and Matson, D. D.: Experimental 
Hydrocephalus, J. Neurosurg. 4:164-176, 1947. (c) Ingraham, F. D., and Heyl, 
H. L.: Subdural Hematoma in Infancy and Childhood, J. A. M. A. 112:198-204 
(Jan. 21) 1939. (d) Ingraham, F. D.; Swan, H.; Hamlin, H.; Lowrey, J. J.; 
Matson, D. D., and Scott, H. W.: Spina Bifida and Cranium Bifidum, Cambridge, 
Mass., Harvard University Printing Office, 1944 

3. Holt, L. E., and Howland, J., in Holt, L. E., Jr., and McIntosh, R.: Diseases 
of Infaney and Childhood, ed. 11, New York, D. Appleton Century Company, 1940 
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ous ages. The figures for the weight of the brain are taken from 
Quain’s “Elements of Anatomy.’”* 

It will be noted that at birth the weight of the brain is already one 
fourth that of the adult brain. Most of the organs of the body weigh 
at birth only a tenth to a fourteenth part of their ultimate weight. The 
large size of the brain at birth accounts for the fact that the face makes 
up only one eighth of the bulk of the cranium at that time whereas the 
adult face accounts for one half of the bulk of the cranium 


TABLE 1.—Measurements of Young Children 


Head Chest 
Weight Cireum Cireum 
Weight of of Brain, ference, ference, 
Age Child Gm Cm Cm 


Birth Jaedene te ‘ 7 Ib. 4 oz 4.3 4.3 
3 mo.. oe 13 Ib. 7 oz 7 41.2 

17 Ib. 

20 Ib. 7 oz 

23 Ib. 9 oz, 

26 Ib. 4 oz. 


TABLE 2.—Development in Infants up to 2 Years 


Birth Cries lustily, responds to pain and touch, detects differences in taste 

1 to 2 wk........ Follows light and fixes objects with eyes 

4 wk... Pays attention to voices and music, lies with head turned to side and arm on 
that side extended with the opposite arm flexed (tonie neek reflex) 

2mo... ° Smiles, develops ocular accommodation 

3mo Sucks fingers, begins exploratory activities 

4mo. .... Coordinates eye movements, laughs, turns head to voice, holds up head 

prone and sitting position, turns from sup'ne to prone position 
5 mo... Recognizes objects and persons, reaches for objects 
6mo ...+-+. Picks up objects 


it 


7 to8 mo........ Sits alone, has spontaneous vocalizations 
9 to 10 mo....... Speaks monosyllables, shows adaptation to commands, attempts to stand 


S WPicc . .. Stands with support, attempts to walk when held, creeps, says a few words 
makes linear marks with erayon 
% yr Climbs stairs, associates words with objects, has yoeabulary of five words 
or more, turns pages of a book 
yr Uses three word sentences, runs, imitates vertical) stroke with crayon, places 
blocks in a row, points to eyes, nose, mouth, hair (3 of 4), can cut with 
a scissors 


[he normal newborn child is able to maintain a separate circulation, 
to breathe adequately for oxygenation of his blood, to suckle and to 
maintain digestive and excretory functions. He cries when irritated or 
hungry, but his neural development does not permit more extensive or 
complicated activity. It is notorious that complete absence of the cere 
bral hemispheres cannot be recognized clinically during the first two or 
three months of life. 

Table 2 lists briefly some of the attainments of the normal infant that 
can be readily noted on examination at various ages up to two years 


4. Quain, J Quain’s Elements of Anatomy, edited by E. A. Schafer 
J. Symington, and T. H. Bryce, ed. 11, London, Longmans, Green & Co., 1912 
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The newborn infant has lively tendon reflexes. The abdominal 
reflexes may be present from birth but often do not appear until the 
second month. A Babinski response can regularly be obtained on plan- 
tar stimulation until the sixth to the tenth month of life. 

The newborn child, if small or premature, may show slight separation 
of sutures on palpation of the head. While the anterior, lateral and 
posterior fontanels can usually be palpated, the posterior and lateral fon- 
tanels may be closed at birth. If the latter can be palpated at birth, they 
should be closed by the end of the sixth week. The anterior fontanel 
is usually closed on palpation between the ninth and sixteenth months. 
The main sutures commonly fuse by the end of the fifth or sixth month, 
so as to resist molding, but mobility may be present up to 8 months. 

Roentgenographic examination will disclose that the bones are not 
actually fused although the margins are serrated and have begun to 
interlock. During childhood it is possible for the head to grow, and 
in cases of chronic increased intracranial pressure the sutures can be 
seen roentgenographically to be separated. However, by the age of 10 
the sutures are usually so firmly interlocked that increased intracranial 
pressure will no longer produce separation. 

The dura is thin and adherent to the skull in the infant. It is 
densely adherent at the suture lines, and if the skull bones are separated 
it is fused to the intervening membrane, as it is fused to the membrane 
covering the fontanels. This adherence to the skull and the fusion with 
the fontanel membrane doubtless explain the great rarity of extradural 
hemorrhage in the infant and the newborn. 


The brain itself is delicate and soft, with extreme fragility of the 
blood vessels. This is of practical importance, as it predisposes to severe 
injury of the brain, with contusion or laceration resulting from even 
mild trauma. Further, it requires the surgeon to use extreme care to 
prevent hemorrhage or contusion of the brain when operative manipu- 
lations are necessary. 


Pacchionian granulations are few or absent at birth as they do not 
become well developed until puberty. However, the arachnoid villi are 
present at birth and are functioning in the absorption of cerebrospinal 
fluid. The maxillary, sphenoid and ethmoid sinuses are present but are 
not fully developed at birth; the frontal sinuses do not appear until the 
sixth or seventh year, and the mastoid processes are absent at birth. 
These last become fairly distinct during the second year. Pneumati- 
zation of the mastoid may begin early in childrood and can be well 
marked by the fifth year. However, complete development of the air 
cells does not take place till puberty. These facts must be kept in 
mind when the development of cerebral infection in infancy is being con- 
sidered. 
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CONGENITAL DEFECTS 

Spina Bifida.—Spina bifida is the most frequent congenital defect 
of neurosurgical importance in infants. Ingraham and his associates ** 
were able to collect 546 cases in twenty years at the Children’s Hospital 
in Boston. This represented 1 in 4,150 patients admitted during that 
period. The defect may occur at any level of the spinal column but is 
most frequent in the lumbosacral region. This is easy to appreciate 
when it is recalled that the invagination and closure of the neural tube 
proceed from before backward. The severity of the defect ranges from 
so-called spina bifida occulta, with perhaps only a failure of fusion of 
one or more vertebral laminas, to severe dysplasias of the spinal cord, 
with extensive defects in the vertebral laminas and overlying soft parts. 

The generally accepted classification of spina bifida is not entirely 
satisfactory as it is based on the conception of the possible protrusion of 

















Fig. 1—Photograph of infant with a myelomeningocele and severe neurologic 
deficit. Operation not indicated. 


normal spinal cord or nerve roots into a sac composed of skin, dura and 
pia-arachnoid. Campbell® has brought up to date the embryologic con- 
sideration and surgical management of the various congenital anomalies 
of the neural axis. A useful and practical surgical classification is (1) 
myelocele, (2) meningocele, (3) spina bifida occulta with subcutaneous 
lipoma and (4) spina bifida occulta with no external evidence of the 
defect unless there be pigmentation or hypertrichosis of the overlying 
skin. In a case of myelocele, the most severe type of defect, there is 
failure of the neural ectoderm to invaginate into a neural tube, and it 
consequently is exposed on the dorsal surface of the body. It may be 
covered by parchment-like epithelium (fig. 1) or may be exposed as an 


5. Campbell, J. B.: Congenital Anomalies of the Neural Axis, Am. J. Surg. 
75:231-256, 1948. 








910 ARCHIVES OF SURGERY 


area of reddish granulation tissue with cerebrospinal fluid oozing from a 
pore in its center. The defect may include not only skin, subcutaneous 
tissue, deep fascia, muscles and vertebral elements but also meninges. 
The last, however, are formed beneath this flattened-out plate of neural 
ectoderm from the ventral surface of which both the anterior and the 


posterior roots of the spinal nerves arise. The dura is fused laterally 


to the lumbar fascia; the pia-arachnoid makes a lining for the cavity 
beneath the rudimentary cord. Various gradations of malformation of 





Fig. 2.—Child 2 years of age with an unusually large meningocele and partial 
loss of function in lower extremities 


the spinal cord may be seen from the primitive plate of neural ectoderm 
to a rudimentary groove or even partially closed tube. On occasion, in 
the epithelized types, the central canal of the rudimentary spinal cord 
may be dilated to form an intramedullary or syringomyelic cyst. Leveuf ° 
has described and beautifully illustrated the various types of malforma- 
tion of the spinal cord. 

Meningoceles are less common. Here the defect is in bone and soft 
tissues with protrusion of the meninges to form a sac of variable size 


6. Leveuf, J.: Etudes sur le spina bifida, Paris, Masson et Cie, 1937. 
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distended with fluid. Sometimes the neck of the sac may be extremely 
small and on occasion may have spontaneously closed, so that an isolated 
cyst is left above the level of the deep fascia. The meningocele is 
usually covered with normal skin and subcutaneous tissue, although the 
latter may be thin or largely lacking (fig. 2). 

It may be stated that when the spina bifida is covered with normal- 
appearing skin, myelocele is seldom found; conversely, when the skin 
is abnormal or reduced to mere epithelium, myelocele will usually be 
found. 

The dura and arachnoid may be separated or fused, and the sac may 
be multilocular. When the sac is open, unless the pedicle is too narrow, 


the normal spinal cord or nerve roots can be seen lying in the spinal 


canal. 
A third form of spina bifida is that in which there is a defect in bone 
and deep soft tissues, with overlying lipoma of varying size covered 





Fig. 3.—Spina bifida with lipoma. 


with normal skin (fig. 3). The lipoma may have a small fibrous stalk 
of attachment to the normal dura as its only communication with the 
spinal canal, or the lipoma itself may extend into the spinal canal 
through a larger defect in the bone and sacrospinalis muscles and fill the 
extradural space for several segments. A large lipoma has been seen 
attached to a small myelocele which was not recognized preoperatively. 

Finally, there is spina bifida occulta with no external evidence of a 
bony defect but with roentgenographic evidence of failure of fusion of 
vertebral laminas. However, some of the patients with this type do have 
pigmentation or hypertrichosis of the overlying skin. 

Various anomalies and deformities may be associated with spina 
bifida. Harelip, cleft palate, ectopia of the bladder, syndactylism, non- 
paralytic clubfoot, congenital dislocation of the hip and other types may 
occur. In the more severe forms of spina bifida, trophic ulcerations may 
develop in the lower extremities; paralytic forms of clubfoot may be 
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present, and the constant dribbling of urine may lead to excoriation of 
the external genitalia. The growth of the lower extremities lags behind 
that of the rest of the body, and if the child lives till puberty or longer 
there is marked disproportion between the upper parts of the body and 
trunk and the lower extremities. 

One of the most important secondary lesions of surgical importance 
is the so-called Arnold-Chiari malformation of the cerebellum and the 
medulla oblongata. The medulla oblongata is elongated and extends 
downward into the spinal canal so that the lower part of the fourth ven- 
tricle is below the level of the foramen magnum. The cerebellar tonsils 
are usually elongated and extend duwn into the spinal canal. They, 
together with the lingula, are often plastered to the fourth ventricle 
and medulla with dense adhesions. The cranial nerves that arise from 
the pons and medulla are necessarily elongated, and the upper cervical 
spinal nerves are also elongated and run cephalad to reach their exits 
at the intervertebral foramens. The elongation of medulla and cere- 
bellum results in the blocking of the lower end of the fourth ventricle, 
and the adhesions of the cerebellar lingula and tonsils to the medulla 
and fourth ventricle obliterate the posterior cistern. Thus, an obstruc- 
tive hydrocephalus is produced. In my experience “* this is the usual 
cause of the hydrocephalus so often seen in cases of spina bifida. 
However, Ingraham and Scott *4 reported only 20 cases of the Arnold- 
Chiari malformation from their series of 546 cases of spina bifida, in 208 
of which the patient exhibited hydrocephalus. 

The mechanism of the malformation has been explained by Lichten- 
stein.’ In cases of spina bifida the spinal cord or membranes have an 
abnormal attachment to the surrounding and overlying tissues. Such an 
abnormal attachment can even exist (although not usually) in the pres- 
ence of spina bifida occulta. It results in traction cn the neuroaxis 
above the level of the malformation as the spinal column elongates. The 
more rapid elongation of the spinal column in cemrarison to the neuro- 
axis is well known. The spinal cord extends for the full length of the 
embryo during the early development, but from the fourth month on the 
vertebral column elongates more rapidly than the cord. At birth the tip 
of the spinal cord reaches only to the third lumbar vertebra, and in the 
adult it reaches to the lower border of the first lumbar vertebra. How- 
ever, any abnormal attachment of the cord, nerve roots or meninges 
to the spinal column or overlying parts will produce traction on the 
neuroaxis during both prenatal and postnatal growth. Thus, not only 


6a. Voris, H. C.: Spina Bifida and Cranium Bifidum, J. Internat. Coll. 
Surgeons 11:634-639, 1948. 

7. Lichtenstein, B. W.: Spinal Dysraphism, Arch. Neurol. & Psychiat. 44:792- 
810 (July) 1940; Distant Neuroanatomic Complications of Spina Bifida (Spinal 
Dysraphism), Arch. Neurol. & Psychiat. 47:195-214 (Feb.) 1942. 
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may the medulla and cerebellum be pulled down into the spinal canal, 
but the midbrain may likewise be elongated and pulled down into the 
posterior fossa. Thus a stenosis of the aqueduct of Sylvius may be 
produced, and this may be one of the factors in the associated hydro- 
cephalus. 

Surgical opinion naturally varies on the selection of cases of spina 
bifida for operation and the proper time for intervention. It may be 
generally stated that a neurologic deficit which can be recognized early 
in life will tend to grow worse with time rather than improve. The con- 
tinued traction on the neuroaxis will produce symptoms in some cases 
late in puberty or adult life and will probably exacerbate symptoms 
already present. It is well known that hydrocephalus, if at first not 
apparent, may develop after a few months and, what is worse from the 
standpoint of the surgeon, may develop rapidly after operation for spina 
bifida. 

Patients with myelocele in whom complete flaccidity of the lower 
extremities, with no spontaneous movements, and gaping, with loss of 
tone of the rectal sphincter, are present should not be operated on. 
These infants, even if life is preserved, will be hopeless invalids. In 
most of them varying grades of hydrocephalus develop, and the rare 
patient who survives to reach adult life is generally mentally retarded. 
If partial function of the lower extremities is present, operative repair 
should be undertaken, but the parents must be warned that permanent 
impairment of neurologic function will likely be present and that hydro- 
cephalus may develop. 

Patients with meningocele and with spina bifida and lipoma should 
be operated on, but the possibility of late neurologic sequelae should be 
explained to the parents and particularly that these sequelae are likely 
to include difficulty in control of the bladder or urinary retention. 

No agreements exists about the proper time to operate. It is best 
to wait until the child is at least a month old. If the spina bifida is not 
covered with skin or epithelium at birth, it should be allowed to epithe- 
lize before operation. The infants should be nursed on their face, with 
the hips elevated by a sandbag or a firm pillow. A diaper may be placed 
beneath the hips and legs. In this position excreta fall away from the 
spina bifida, the pressure is low and drainage of cerebrospinal fluid, if 
present, is lessened. Exposure of the unepithelized area under a light 
cradle usually is the best means of promoting epithelization. If there 
is superficial necrosis or infection, moist boric acid dressings or sulfa- 
thiazole ointment dressings may be used until clean granulations are 
obtained. 


Occasionally it may be necessary to operate without further delay 


because of slowness in healing of a large unepithelized area or because 
of profuse drainage of cerebrospinal fluid. In most of the cases there 
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is complete loss of function of the lower extremities. However, in 
selected cases of this type, plastic repair of the spina bifida may be jus- 
tifiable in order to facilitate the nursing care of the patient. Operation 
may make it possible to care for the child at home or in a nursing home 
and thus free a hospital bed of a chronic, hopeless case. This is the only 
exception to the previous statement that patients with complete loss of 
function in the lower extremities should not be operated on. 

The principles of the operation are themselves simple, but the per- 
iormance may at times be difficult. The base of the sac is encircled by 
an elliptic incision. This may be vertical in cases of cervical and dorsal 
meningocele, but for the lumbosacral variety it should be transverse so 
as to keep it as high above the gluteal fold as possible. When the skin 
is ample, the incision is planned to allow approximation without tension. 
If there is a large cutaneous defect the incision must spare all normal 
skin. 

The skin and the subcutaneous tissue are dissected back from the sac 
and the base of the sac mobilized. Then the sac is opened on one side 
(not at the top) and the contents inspected. If there is no myelocele, 
the sac may then be resected, ample dura being left at the base for closure. 
Any nerve roots in the sac must be carefully mobilized and returned to 
the spinal canal. If there is a myelocele, it must be carefully freed 
from the skin or epithelium above and returned to the spinal canal. This 
can sometimes be done by blunt dissection but usually requires sharp 
dissection. Great care must be taken to preserve all nerve tissue that 
may possibly be functioning. 

In cases of large myelocele with extensive cleft in the vertebral arches 
the reconstruction of a membranous spinal canal is difficult and often not 
satisfactory. If possible, the rudimentary dura is approximated over the 
myelocele without tension. If the sacrospinalis muscles can be approxi- 
mated across the midline, so much the better. If they cannot, then 
fascial flaps are fashioned by making lateral incisions in the lumbar 
fascia. These flaps have their base toward the midline. They are 
reflected and sutured across the midline, being overlapped if possible. 
This step should always be carried out if it is not possible to approximate 
the lumbar fascia directly. Sometimes relaxing lateral incisions alone 
in the lumbar fascia may permit its approximation. 

When large cutaneous defects are present, the closure of the skin 
may be a major problem. Usually some form of Z plastic procedure 
is satisfactory; occasionally a pedicled flap may be required. In any 
case the operative area must be covered with viable skin sutured without 


undue tension. Failure to accomplish this will result in breaking down 
of the wound and often establishment of a cerebrospinal fluid fistula. 
Meticulous asepsis and hemostasis are important as superficial infection 
will also result in breaking down of the wound 
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In common with Ingraham *4 and Elsberg,* I have found preserva- 
tion of the sac as a prophylaxis against hydrocephalus, recommended 
by Penfield and Cone,* to be of no value. As a matter of fact, preserva- 
tion of the sac is impossible in the more severe cases, in which hydro- 
cephalus is most apt to develop. 

After operation the children are nursed as before, on their face with 
the hips elevated. As soon as the wound is superficially healed, the 
sutures are removed and the dressing left off. If there is poor healing of 
the wound, owing to suture under tension or other reason, the case is 
managed as are preoperative cases in which epithelization has not 
occurred, with exposure under a light cradle. In cases of infection boric 
acid compresses or sulfathiazole ointment is used, and the administra 
tion of penicillin and sulfonamides is also indicated. When there are 
large or unepithelized defects, chemotherapy should be started three or 
four days before operation. 

The treatment of hydrocephalus complicating spina bifida will be 
considered under the subject of hydrocephalus in general. In cases ot 
spina bifida that are suitable for surgical treatment, early hydrocephalus 
is not a contraindication if ventriculostomy can be carried out before 
serious damage of the brain occurs. 

Cranium Bifidum.—Cranium bifidum is much less common than 


4 reported 84 cases of 


spina bifida. Ingraham and his associates 
cranium bifidum at the same time that they reported 462 cases of spina 
bifida, a ratio of 1 to 5.5. In the present series of patients operated on 
under 2 years of age, there were 7 with cranium bifidum and 33 with 
spina bifida, a ratio of approximately 1 to 4.7. These cranial defects 
are generally in the midline, although they may occur anywhere. They 
are most frequent in the occipital region and may be associated with 
simple meningocele or encephalocele. ‘The latter may represent hetero 
tropia of various types. On one occasion abortive reduplication of the 
brain was found in a large occipital meningocele (fig. 4). In severe 
cases surgical intervention is obviously not indicated because of the seri 
ous associated cerebral malformations. Preoperative diagnostic air 
studies should be carried out as an aid in evaluation of these cases 
Extensive dilatation or severe malformation of the ventricles is a contra 
indication to surgical intervention. 

The surgical repair of these defects is not difficult as there is usually 
sufficient normal skin covering those suitable for surgical intervention 


The occipital defects, which are the most frequent, usually have suffi 
cient occipital muscle or fascia for an additional layer of closure between 
the dura below and the skin above. Seldom can the contents of the sac. 


8. Elsberg, C. A Surgical Diseases of the Spinal Cord, Membranes and 
Nerve Roots, New York, Paul B. Hoeber, Inc., 1941. 

9. Penfield, W., and Cone, W.: Spina Bifida and Cranium Bifidum, J. A. M. A 
98:454-461 (Feb. 6) 1932 
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if an encephalocele, be returned to the intracranial cavity. They have to 
be sacrificed by amputation. The large encephaloceles are of course 
usually associated with other brain deformities and consequently are not 
amenable to surgical treatment. 














Fig. 4.—A, infant with enormous occipital encephalocele. B, Same infant after 
operative extirpation of encephalocele. 











Fig. 5.—A, lateral roentgenogram of cranial defect in frontal region in a 5 year 
old child. A small meningocele had been removed at the age of 6 months. B, 
Posteroanterior roentgenogram of the same child. 


The repair of the cranial defect is not indicated in infancy. It may 
be repaired later on in childhood, especially if it is in the frontal region 
and produces a cosmetic defect, as in 1 of the present cases (fig. 5). 
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The rare encephalocele or myelocele at the base of the brain presents a 
difficult problem that can occasionally be successfully solved, as Dandy * 
and Ingraham and Matson *4 have shown. These authors have reported 
successful extirpations using an intracranial approach. 

Cranial Stenoses.—Premature closure of the sutures of the skull 
resulting in microcephaly is not often seen. It is readily recognized 
roentgenographically. The brain is smaller than normal and often 
exhibits a primitive convolutional pattern. Only the primary sulci may 
be present. The premature closure of the sutures seems to be secondary 
to the subnormal development of the brain, and no surgical measures 
are of avail. 

The craniostenoses, oxycephaly, acrobrachycephaly and scaphoceph- 
aly, are superficially related to microcephaly. They have been thoroughly 
described by Ford ** and Ingraham.** The mechanisms of production 
of these conditions are not clear, but in some cases there is clinical 
evidence of increased intracranial pressure, with headaches, papille- 
dema and later optic atrophy. In cases of oxycephaly the sagittal and 
coronal sutures are most and earliest affected. Roentgenograms of the 
skull show premature closure of these sutures, the middle and posterior 
fossae are shorter in the anteroposterior diameter, but are deeper than 
normal, and the anterior fossa is short in the anteroposterior diameter, 
with the orbits shallow and oblique. The so-called convolutional mark- 
ings of the inner table of the cranial vault are pronounced and give the 
characteristic “beaten silver” appearance. The great height of the skull 
shaping upward to a point at the vertex is the outstanding characteristic 
of the condition. 


Acrobrachycephaly is similar to oxycephaly, but the breadth of the 
head, which is decreased in oxycephaly, is increased in this condition. 
Since the skull can expand in a lateral direction, evidences of increased 
intracranial pressure are usually less marked than in oxycephaly. Here 


the defect is due to early closure of the coronal suture, and the skull 
expands laterally and vertically because growth in the anteroposterior 
plane is impossible. 

In scaphocephaly the head is flattened laterally and the vertex is 
unusually high, with excessive length in the anteroposterior diameter. 
The sagittal suture is prematurely closed, and the coronal suture may 
be open. Thus the skull cannot enlarge laterally and is forced to grow 
vertically and in the anteroposterior plane. 

In cases of craniostenosis, surgical measures to relieve the increased 
intracranial pressure are indicated. Preliminary air studies to rule out 
gross cerebral malformation or deformity are advisable. The operation 


10. Dandy, W. E.: An Operative Treatment for Certain Cases of Meningocele 
(or Encephalocele) into the Orbit, Arch. Ophth. 2:123-132, 1929. 

11. Ford, F. D.: Diseases of the Nervous System in Infancy, Childhood and 
Adolescence, ed. 2, Springfield, Ill., Charles C Thomas, Publisher, 1944, 








918 ARCHIVES OF SURGERY 


of King '* as modified by Woodhall ** consists of cutting channels with 
a DeVilbiss forceps through the cranial bones, so as to produce many 
small islands of bone. It may be done in one or two stages and 
requires extensive scalp flaps for adequate exposure. It is seldom neces- 
sary in the first two years of life, as the early closure of the sutures is 
usually associated with microcephaly or with such extensive cerebral 
malformations as to contraindicate surgical intervention. In none of 
the author’s cases has the operation been performed on patients under 
2 years of age. 

Hydrocephalus.—Strictly speaking, hydrocephalus merely means the 
accumulation of fluid within the head. However, it is usually employed 
to refer to cases in which the fluid is under increased pressure due to 
obstruction of the cerebrospinal fluid channels or to some failure in 
the absorptive mechanism. Defects and atrophies of the brain may 
be associated with excessive collections of cerebrospinal fluid. These 
may be in local or generalized areas of dilatation of the ventricles or 
in the subarachnoid spaces. The condition is essentially different from 
hydrocephalus in which the fluid is under increased pressure. It repre- 
sents collections of fluid that, are compensatory for the loss of brain 
substance—hydrocephalus ex vacuo—and is not of surgical importance. 

So-called external hydrocephalus with excessive accumulations of 
fluid external to the brain, if not hydrocephalus ex vacuo, represents 
subdural hematoma or hydroma. True hydrocephalus is internal 
hydrocephalus with dilatation of the ventricles and with the fluid under 
pressure. This may be of two types, the so-called communicating type, 
in which no obstruction can be demonstrated between the ventricles and 
the subarachnoid spaces, and the obstructive type, in which such 
obstruction can be demonstrated. It is important to realize that 
enlargement of the head with bulging anterior fontanel and separation 
of the sutures may be caused by any expanding intracranial lesion 
Neoplasm, abscess or subdural hematoma may produce a similar clini- 
cal picture and have to be differentiated. These lesions will be consid- 
ered in detail later. 


Present knowledge of the circulation of the cerebrospinal fluid is 
based on the work of Weed,’* Dandy ?® and Hassin.’® The first two 


12. King, J. E. J Oxycephaly, Arch. Neurol. & Psychiat. 40:1205-1219 
Dec.) 1938; Oxycephaly, Ann. Surg. 115:488-506, 1942. 

13. Woodhall, B.: Oxycephaly, J. Pediat. 20:585-595, 1942 

14. Weed, L. H.: Studies on Cerebrospinal Fluid, J. M. Research 31:21-118, 
1914; Certain Anatomical and Physiological 
brospinal Fluid, Brain 58:383-397, 1935. 

15. Dandy, W. E.: Extirpation of the Choroid Plexus of the Lateral Ventricles 
in Communicating Hydrocephalus, Ann. Surg. 68:569-579, 1918; Experimental 
Hydrocephalus, ibid. 70:129-142, 1919 

16. Hassin, G. B., and Harris, T.: Spina Bifida and the Cerebrospinal Fluid, 
J]. Neuropath. & Exper. Neurol. 5:309-320, 1946. 


Aspects of the Meninges and Cere 
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authors demonstrated in a_ series of experiments and_ clinical 
observations that the bulk of the cerebrospinal fluid is formed in the 
lateral ventricles and drains through the foramen of Monro into the 
third ventricle and then through the aqueduct of Sylvius into the fourth 
ventritle. From the fourth ventricle the fluid escapes through the fora- 
mens of Magendie and Luschka into the posterior cistern. It now 
diffuses along the basilar cisterns and into the cistern of the great 
cerebral vein, finally to reach the subarachnoid spaces over the convex- 
ity of the hemispheres and be absorbed into the venous lacunas of the 
dura mater through the arachnoidal granulations. 

Obstruction of the foramens of the fourth ventricle causes dilatation 
of the entire ventricular system. If the obstruction is of the fourth 
ventricle, the aqueduct, third and lateral ventricles are enlarged. In 
like manner, if the aqueduct is obstructed, only the third and lateral 
ventricles dilate and if the third ventricle is blocked only the lateral 
ventricles enlarge. 

If the basilar cisterns are obstructed by inflammation, a symmetric 
enlargement of the ventricles occurs, and the same is true if occlusion 
of the arachnoid villi over the convexity of the hemispheres takes 
place. Ingraham, Alexander and Matson *® have recently produced 
hydrocephalus in dogs by introducing a plug of cellophane into the 
aqueduct of Sylvius. They review the literature on the experimental 
production of hydrocephalus in animals. 

Hassin '® has vigorously attacked the concept of formation of the 
cerebrospinal fluid by filtration or secretion from the choroid plexus 
and has emphasized the role of filtration of tissue fluid from the paren- 
chyma of the brain along perivascular spaces (Virchow-Robin) into 
the subarachnoid spaces and ventricles. He has further emphasized 
the importance of perineural channels along cranial and spinal nerve 
roots in the escape of cerebrospinal fluid from the subarachnoid space. 
His concepts have not been generally accepted but have led to the 
general recognition of a dual origin of the cerebrospinal fluid and the 
importance of the perineural channels of cranial and spinal nerves as 
well as the arachnoid villi in the absorption of the fluid. 

To determine whether hydrocephalus is communicating or not, a dye 
test should be carried out. As soon as it has been established clinically 
that hydrocephalus exists, this test should be performed, unless there 
is associated spina bifida, in which case it may be assumed that the 
hydrocephalus is obstructive, due to the Arnold-Chiari malformation 
However, it is still my practice to carry out the dye test and subdural 
diagnostic puncture as on two occasions subdural hematoma has been 
found to be present in an infant with spina bifida and an enlarging head 


Diagnostic bilateral subdural tap should precede the ventricular tap 


in order to rule out a possible subdural hydroma or hematoma. Sub- 








920 ARCHIVES OF SURGERY 


dural tap is readily carried out in the infant through the anterior 
fontanel. A 16 or 18 gage needle should be used and introduced 
at the lateral angle of the fontanel. After the needle has passed through 
the scalp, the fontanel membrane, to which the dura is fused, will be 
encountered. As soon as the needle passes this resistance it will be 
in the subdural space. Normally no fluid can be aspirated or only a 
few drops of clear or blood-tinged subarachnoid fluid. In cases of 
subdural hematoma or hydroma, a large quantity of fluid ranging in 
color from bile to chocolate to faintly xanthochromic may be aspirated. 
If the subdural tap gives negative results, then one ventricle may be 
tapped; the same needle is used if desired, and the lateral angle of 
the fontanel is again gone through. In cases of ventricular dilatation, 
the ventricle will be readily entered, although a normal or collapsed 
ventricle is more difficult to tap. The depth at which ventricular fluid 
is obtained should be estimated as accurately as possible, as that is a 
valuable indication of the degree of ventricular dilatation. A few cubic 
centimeters of fluid is collected for routine laboratory examination, 
and then 5 cc. of 0.8 per cent indigo carmine is injected and the needle 
removed. 

The other lateral ventricle is then tapped. If the dye is recovered, 
the foramen of Monro is obviously patent. This is of course true in 
all ordinary types of hydrocephalus, but occasionally a cyst or neo- 
plasm may block it. As soon as its patency has been ascertained, a 
drop of colloidin is placed on the needle puncture wounds in the scalp, 
the child put in the lateral position and a lumbar puncture carried out. 
If there is no obstruction between the lateral ventricles and the sub- 
arachnoid space, the fluid will almost immediately be visibly colored 
with the dye. In cases of partial obstruction the dye may appear to 
some degree after ten to twenty minutes. In cases of complete obstruc- 
tion the dye will fail to appear at all in the lumbar subarachnoid space. 

The demonstration of obstruction leaves the site of this obstruction 
to be determined. The third ventricle, the cerebral aqueduct, the 
fourth ventricle or the posterior cistern may be the site. Even in 
cases in which no obstruction is shown by the dye test, the subarach- 
noid channels at the base of the brain, the basilar cisterns, may be 


blocked. This is especially apt to be the case in postmeningitic hydro- 
cephalus. 


The next step is air studies. If the dye test has shown obstruction, 
it is obviously necessary to use the ventricular route for injection. If 
there is no obstruction, the spinal route may be used. However, in 
the hydrocephalic infant the ventricular route is preferable because of 
the ease of ventricular tap and because there is usually less reaction 
to the ventricular injection of air. 
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Ventricular tap is carried out as for the dye test. It is best to have 
the child on its side and tap the lower ventricle. Air can be injected 
in 5 to 10 cc. increments as similar amounts of fluid are withdrawn. 
If the operator wishes, a second needle may be inserted in the upper- 
most ventricle and air injected into this as fluid is drained from the 


lower ventricle. In cases of marked ventricular dilatation complete 


drainage should be avoided. “The infants tolerate ventriculography 
well, but not more than 150 to 180 cc. of fluid should be removed. 
Drainage of more than these amounts is likely to produce serious 
reactions. 

After ventriculography (or encephalography) the child should be 
closely watched. The temperature should be taken hourly for eight to 


Fig. 6.—A, ventriculogram (anteroposterior view) in a case of severe hydro- 
cephalus. Operative intervention contraindicated. B, ventriculogram (anteropos- 
terior view) in a case of moderate hydrocephalus. Operative intervention might be 
considered. 


twelve hours, and if there is a significant rise, appropriate measures 
must be taken. If the fontanel becomes tense, ventricular tap with 
removal of fluid and air to relieve pressure is imperative. Usually the 
child continues to take its feedings well; rarely persistent vomiting may 
require the administration of fluids rectally or subcutaneously. 
Ventriculography serves a twofold purpose. It permits the recog- 
nition of space-occupying lesions above the tentorium with considerable 
accuracy. Of equal importance, it provides an accurate estimate of the 
amount of ventricular dilatation. This is an important point in the 
evaluation of the child for any surgical procedure (fig. 6). Obviously, 
if too severe a grade of ventricular dilatation exists the resultant brain 
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damage contraindicates any surgical intervention. It must be admitted 
from clinical observation of arrested cases of hydrocephalus later in 
life that moderate degrees of enlargement of the head and ventricular 
dilatation are not incompatible with normal intellectual development 
and attainments. On the other hand, the more severe grades of arrested 
hydrocephalus are always associated with mental retardation or worse. 
It is my practice to refuse to perform any operative procedure on 
patients whose cerebral hemispheres are reduced to less than 2 cm. of 
thickness, as estimated from the ventriculogram. 


Fig. 1— Photograph (lateral view) of anatomic specimen of advanced hydro- 
cephalus with almost complete destruction of the cerebral hemisphere. 


lf the ventriculogram shows a symmetric dilatation of the lateral 
and third ventricles in a case of known obstructive hydrocephalus, it is 
apparent that the block is in the cerebral aqueduct, the fourth ventricle 
or the posterior cistern. Neoplasm is not common in children under 


2 years of age, but it may occur. Since tumor in the posterior fossa 


cannot be differentiated roentgenographically from the various types 


of congenital block, exploration of the posterior fossa must be carried 
out in these cases unless there is associated spina bifida to suggest the 
Arnold-Chiarit malformation 
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Obstructions of the posterior cistern, fourth ventricle or cerebral 
aqueduct that are not due to neoplasm may be inflammatory or con 
genital (figs. 7 and 8). The Arnold-Chiari malformation is one type 
of the latter, but others exist. The foramens of Luschka and Magendie 
or the posterior cistern itself may fail to develop, or heterotropia of 
brain tissue may block the cerebral aqueduct. Dandy '’ has described 
a case with a congenital diaphragm blocking the aqueduct 











Fig. 8—Photograph of base of brain in same case as that in figure 7. Note the 
extensive inflammatory reaction, apparently secondary to a hemorrhage in that 
region. 


Unfortunately the inflammatory obstructions often block not only the 
aqueduct, fourth ventricle or posterior cistern but also the basilar cis- 
terns with inflammatory adhesions. The last are often the chief site 


of the block in postmeningitis hydrocephalus, and the condition is not 


17. Dandy, W. E.: The Diagnosis and Treatment of Hydrocephalus Resulting 
From Strictures of the Aqueduct of Sylvius, Surg., Gynec. & Obst. 31:340-358, 
1920. 
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remedial by any surgical procedure. Postmeningitic hydrocephalus 


used to be confined to certain patients surviving epidemic (meningococ- 
cic) meningitis or the terminal stages of tuberculous meningitis. With 
the advent of modern chemotherapy, so many patients with suppura- 


tive meningitis survive that the complications are becoming an impor- 
tant problem, as Bailey ‘™* has pointed out. Certainly postmeningitic 
hydrocephalus is now seen frequently. 

D’Errico,!* Adams, Schatzki and Beecher,’® Ritchie *° and Steele *! 
have reported favorable results with suboccipital decompression and 
opening of the fourth ventricle in cases of the Arnold-Chiari malfor- 
mation, other types of congenital obstruction in the posterior fossa 
and inflammatory obstructions of the fourth ventricle or posterior 
cistern. However, the mortality of these procedures has been dis- 
turbingly high in infants, and in my experience the obstruction tended 
to recur after a few weeks or months. This has been especially noted 
in cases of the Arnold-Chiari malformation, in which suboccipital 
exploration has been carried out a number of times without lasting 
relief of the symptoms. 

It occurred to me that ventriculostomy, as advocated by Stookey 
and Scarff ?? and by Dandy,** would be a better procedure for obstruc- 
tive hydrocephalus due to inoperable lesions of the posterior fossa. At 
first the anterior route, as advocated by Stookey and Scarff,** was 
used with transfrontal craniotomy, intradural elevation of the frontal 
lobe after preliminary tap of the ventricle and puncture of the lamina 
terminalis above the optic chiasm. While this procedure has proved 
satisfactory in my hands in a number of cases of inoperable tumors of 
the fourth ventricle or the midbrain in older children and adults, for 
some reason it has not worked in infants. Therefore a trial of the 
lateral approach as advocated by Dandy ** was made. This has worked 

17a. Bailey, P.: Chronic Leptomeningeal Thickening Following Treatment of 
Meningitis with Sulfa Drugs, Ann. Surg. 122:917-922, 1945. 

18. D’Errico, A.: The Surgical Treatment of Hydrocephalus Associated with 
Spina Bifida, Yale J. Biol. & Med. 11:425-430, 1939. 

19. Adams, R. D.; Schatzki, R., and Scoville, W. B.: The Arnold-Chiari Mal- 
formation, New England J. Med. 225:125-131, 1941. 

20. Ritchie, W. P.: Experiences in the Treatment of Hydrocephalus in Infants, 
Minnesota Med. 30:790-794, 1947. 

21. Steele, G. H.: The Arnold-Chiari Malformation, Brit. J. Surg. 34:280-282, 
1947. 

22. Stookey, B., and Scarff, J.: Occlusion of the Aqueduct of Sylvius by Neo- 
plastic and Non-Neoplastic Processes with a Rational Surgical Treatment for 
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well and has now been carried out in 8 cases of obstructive hydro- 
cephalus associated with spina bifida and presumably due to the Arnold- 
Chiari malformation. These 8 cases have been observed from six 
months to two years, and the results have been excellent, with cessa- 
tion in the abnormal enlargement of the head and absence of increased 
intracranial pressure. 

A limited osteoplastic craniotomy in the right temporal region may 
be used or a small subtemporal decompression, with the employment 
of a musculocutaneous flap, utilized. If intracranial pressure is high, 
the ventricle should be tapped before the dura is opened, to prevent 
danger of rupture of the cortex. Then the temporal lobe is elevated 
intradurally. A lighted retractor or a good headlight is essential. It 
may be necessary to clip or coagulate one or more communicating 
veins between the temporal lobe and the dura. At this point it is 
advantageous to lower the child’s head slightly. As the temporal lobe 
is elevated, the incisura of the tentorium can be seen. Medial to this 


the oculomotor nerve will be seen and anteriorly the carotid artery. 


3ehind the carotid artery and medial and superior to the oculomotor 
nerve the white lateral wall of the floor of the third ventricle is seen. 
This may be readily punctured with a bayonet forceps and the opening 
enlarged as desired. Needless to say, great care must be exercised to 
avert injury to the oculomotor nerve or to the carotid artery and its 
branches. 

The dura should be sutured, and the wound may then be closed in 
the usual manner. Dandy’s ** suggestion of a preoperative encasement 
of the head in a plaster cast to prevent collapse of the cerebral hemis- 
pheres after drainage of the ventricles has neither logical basis nor 
merit. The immediate postoperative care of these children is similar 
to that after craniotomies in general. 

Cases of communicating hydrocephalus or cases of postmeningitic 
hydrocephalus with block of the basilar cisterns are of course not suit- 
able for treatment by ventriculostomy. These cases may be considered 
for choroid plexus coagulation or resection if the enlargement of the 
ventricles is not so severe as to contraindicate surgical intervention. 
Putnam ** and Scarff *° developed methods of coagulation of the choroid 
plexus of the lateral ventricles through endoscopic instruments. With 
this method of destruction of the choroid plexus, there is grave danger 

24. Putnam, T. J Treatment of Hydrocephalus by Endoscopic Coagulation 
of the Choroid Plexus, New England J. Med. 210:1373-1376, 1934; Results 
of the Treatment of Hydrocephalus by Endoscopic Coagulation of the Choroid 
Plexus, Arch. Pediat. 52:676-685, 1935; The Surgical Treatment of Infantile 
Hydrocephalus, Surg., Gynec. & Obst. 76:171-182, 1943. 

25. Scarff, J. E.: Endoscopic Treatment of Hydrocephalus, Arch. Neurol. & 
Psychiat. 35:853-861 (April) 1936. 
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of detritus from the coagulation of the plexus plugging the foramen of 
Monro or the cerebral aqueduct. In 1 of my patients treated by 
coagulation of the choroid plexus the result seemed temporarily satis- 
factory, but after a few weeks the head began progressively to enlarge 
again. At death, two months later, necropsy revealed the foramen of 
Monro to be plugged, apparently by scar tissue. Since preoperative 
dye tests and air studies had shown the hydrocephalus to be of the 
communicating type, it was concluded that the occlusion found at 
necropsy must have been a reaction due to plugging of the foramen of 
Monro by detritus from the coagulated plexuses. 

Resection of the choroid plexuses as advocated by Dandy *° carries 
a higher operative risk but is not subject to the disadvantage of coagu- 
lation. Not all cases can be controlled by it, but, on the other hand, 
in some cases resection of the choroid plexus from one lateral ventricle 
is sufficient to stop the growth of the head. It would appear that con- 
genital failure of development of the absorptive mechanisms or inflam- 
matory block of the basilar cisterns is the most common cause of 
communciating hydrocephalus, as it is ordinarily met. In either case 
the normal development of the brain may be hopelessly interfered with. 
Each case will have to be evaluated on its own merits and the high 
operative mortality of resection or coagulation of the choroid plexus 
and the risk of lack of normal cerebral development balanced against 
the almost hopeless prognosis in rapidly developing hydrocephalus of the 
communicating type. 

The preferable method is essentially that advocated by Dandy *° of 
open resection of the choroid plexus under direct vision after the ven- 
tricle has been emptied of fluid. I prefer the anterior approach, with 
an incision centered over the coronal suture. An opening in the skull 


€ 


2 to 3 cm. in diameter is sufficient. In order to prevent cortical 
herniation the ventricle must be tapped before the dura is opened. 
Then an incision about 1 cm. long is made in the cortex with the electro- 
surgical unit and the Cameron ventriculoscope inserted into the ven- 
tricle. With the use of a catheter and bulb syringe, the ventricle is 
emptied of fluid; the fluid is preserved and kept at body temperature 
for later replacement. If the surgeon prefers, instead of using the 
ventriculoscope he may open the ventricle by a cortical incision, retract- 
ing the lips of the incision with ordinary small brain retractors. 
A lighted retractor or a good headlight is indispensable if this method 
is used. 


The choroid plexus will be readily identified. A silver clip may be 
applied to it as it leaves the foramen of Monro or it may be coagulated 
at this point. The former is preferable, as coagulation with the high 


26. Dandy, W. E.: The Operative Treatment of Communicating Hydro- 
cephalus, Ann. Surg. 108:194-202, 1938. 
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frequency current is dangerous in this region. The spread of current 
to adjacent thalamic or hypothalamic structures, with resultant soften- 
ing, is a real danger and one that may account for some of the high 
operative mortality. If the plexus is free in the ventricle it may be 
readily avulsed after its occlusion at the foramen of Monro. In some 
cases it will be found to be attached to the dorsal surface of the thala- 
mus, and bleeding from the site of attachment will follow its avulsion. 
This can usually be controlled by suction on moist cotton, but in the 
past electrocoagulation, a dangerous procedure in this area, has had to 
be resorted to at times. The recent development of fibrin foam or 
gelatin sponge for hemostasis has made it possible to control this bleed- 
ing without electrocoagulation. However, the danger is introduced of 
bits of this material being dislodged and plugging the foramen of Monro 
or the cerebral aqueduct. 

\fter complete hemostasis has been obtained, the cerebrospinal fluid 
previously removed and kept at body temperature is replaced. If neces- 
sary, sufficient saline solution at body temperature to fill the ventricle 
is added. The dura and scalp are then carefully closed. 

Special instruments are helpful in this procedure. Small forceps 
and scissors with long handles similar to those used in bronchoscopy 
are of aid. A long slender metal or glass suction tip is necessary, 
and also a special forceps for applying silver clips through the Cameron 
ventriculoscope if clips are to be used for hemostasis. 

The immediate postoperative course is usually stormy, with early 
rise in temperature, which must be effectively combated. Postoperative 
bleeding into the ventricle is the most serious complication. If this is 
severe, the ventricle will have to be reopened, the blood clot evacuated 
and the bleeding point controlled, as an intraventricular hematoma will 
surely prove fatal. The collapse of the cerebral hemisphere following 
evacuation of the ventricle may produce subdural hemorrhage by tear- 
ing one of the cerebral veins bridging the subdural space to reach the 
longitudinal sinus. Such bleeding may result in a subdural hematoma. 
The mere falling away of the cerebral hemisphere without any hemor- 
rhage may result in a postoperative subdural hydroma. This can be 
treated by repeated aspiration. If the child is not doing well after 


operation, a postoperative dye test may be used to insure the patency 


of the ventricular system, as a real danger is secoridary obstruction of 
the foramen of Monro or the cerebral aqueduct by blood clot or debris. 


CRANIAL INJURIES 
Craniocerebral injury does not necessitate surgical intervention in 
the infant or young child any more often than it does in the adult. 
Injury to the head can and often does occur at birth, owing either to the 
trauma of labor or to the improper application of instruments. It 
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occurs after birth as a result of falls from the crib, the bath table or the 
attendant’s arms. In these patients, as in older ones, acute subdural 
hematoma is usually associated with severe brain injury, and conse- 
quently the results of operative intervention are not encouraging. How- 
ever, it can usually be recognized by diagnostic subdural tap, and this 
procedure should be carried out in any case of severe injury in which 
the anterior fontanel is open. Often mere aspiration of blood will 
suffice, but if any considerable quantity is obtained, a more complete 
evacuation can be insured by a burr hole or trephinement. In older 
children in whom the anterior fontanel is closed the burr hole will be 
required for the recognition of the subdural hemorrhage. 

Extradural hemorrhage in infants and young children is extremely 
rare, probably because of the adherence of the dura to the skull, espe- 
cially at the suture lines, as mentioned earlier. Obviously extradural 
hemorrhage cannot form without dissection of the dura from the skull; 
if this is difficult extradural hemorrhage is not likely. In my series of 
cases of extradural hemorrhage there have been no patients under 
10 years of age. 

Depressed skull fracture may be simple or compound. In either 
case it presents a different surgical problem in the infant than in the 
older child or adult, because the bones of the skull of the infant have 
not yet developed an inner and outer table with intervening diploe. 
The depressed fracture can usually be safely sprung back into position 
by the insertion of a periosteal elevator beneath it, something that can- 
not be done with safety in the older patient. Compound depressed 
fractures should be operated on and débrided and the fracture elevated 
as soon as the condition of the child permits. Because elevation is so 
easy, the fragments may be elevated and left in place unless the wound 
is badly contaminated or the fragments badly comminuted. If the dura 
is not torn it should not be opened unless its discoloration and tense- 
ness indicate an underlying hematoma. If the dura is torn and the 
brain injured, the latter must be débrided by means of irrigation and 
suction as in adults, silver clips, electrocoagulation, suction on moist 
cotton and fibrin foam or gelatin sponge being used as necessary for 
control of bleeding. 

Penetrating wounds or gunshot wounds are of course rare at this 
age. When they do occur, they present the same problem of débride- 
ment of extensive wound tracts and retention of foreign bodies as at 
other ages. Each case has to be considered individually. In general 
it may be said that debridement of wound tracts and removal of foreign 


bodies are to be carried out as soon as the condition of the patient 


permits and when the removal of foreign bodies will not entail serious 
additional damage to the brain, especially to the primary projection 
areas. In the case of the latter, treatment should be conservative, with 
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prophylactic chemotherapy and careful observation for complications of 
meningitis or abscess of the brain. Surgical drainage will of course be 
necessary if abscess of the brain develops. 

So-called spurious meningocele occasionally follows trauma of the 
head in young children. A fracture of the skull is associated with tear 
of the adherent dura and the underlying arachnoid. The dural tear is 
most apt to occur in the region of a suture where it is most adherent 
to the skull. The cerebrospinal fluid escapes, to collect under the scalp 
where it resembles a hematoma. It is differentiated from a scalp 
hematoma by its gradual growth and the lack of evidence of injury to 
the scalp. In doubtful cases diagnostic aspiration (which must, of 
course, be performed under strict asepsis) will establish the diagnosis. 
Treatment is unnecessary as spontaneous closure of the dural defect and 
absorption of the cerebrospinal fluid beneath the scalp will always 
eventually occur. 

Chronic subdural hematoma in the infant is a more common lesion 
than is generally recognized. Ingraham and Heyl ** have not only pointed 
out the frequent occurrence of this condition but have also developed 
its surgical management. Infantile subdural hematoma presents a dif- 
ferent problem in both diagnosis and management than hematoma in 
adults. It is usually, if not always, due to trauma, either at birth or 
after birth, although it may occur spontaneously in cases of blood 
dyscrasia and in marantic infants. The initial hemorrhage, as in adults, 
is due to a tear of cerebral veins bridging the subdural space to enter 
one of the dural venous sinuses, usually the longitudinal, but sometimes 
the sphenoparietal or the lateral sinuses. The initial bleeding soon 
stops because of the low pressure in the cerebral veins and dural venous 
sinuses. However, as described elsewhere,”’ the hematoma gradually 
grows by osmosis of cerebrospinal fluid and becomes encapsulated 
through reactive inflammatory processes induced in the dura and 
arachnoid. In the older patient the growth of the clot soon produces 
serious symptoms through cerebral compression, and if it is not recog- 
nized, death ensues. In the infant, separation of the sutures and 
enlargement of the head takes place, and although the hematoma may 
be producing irreparable cerebral damage, the little patient manages 
to survive for a long time, often until the hematoma reaches enormous 
proportions. In my experience subdural hematomas are much more 
frequently bilateral in infants than in adults. In 10 cases of infantile 
subdural hematoma, 5, or 50 per cent, of the lesions were bilateral; in 
100 cases of subdural hematoma in adults 14 were bilateral. 

The partial relief of intracranial pressure produced by enlargement 
of the head and the relative lack of development of neurologic function 
in the infant combine to make the clinical recognition of this lesion 


‘ 27. Voris, H. C.: Subdural Hematoma, J. A. M. A. 132:686-692 (Nov. 23) 
1946. 
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difficult. Vomiting, convulsive seizures and gradual enlargement of 
the head are the usual early symptoms. As the condition progresses, 
failure to gain weight, refusal to eat and more marked enlargement of 
the head are noted. Hemiparesis is not common; generalized spasticity 
may be seen. Lateral rectus palsy or unilateral dilatation of the pupil 
may be seen. The spinal fluid may be clear. If it is xanthochromic, 
subdural hematoma must be strongly suspected, unless there is a his- 
tory of injury or subarachnoid hemorrhage within the preceding two 
weeks. If the condition is unrecognized, the symptoms progress, 
cachexia becomes marked, stupor progresses to coma and finally death 
occurs. 

The clinical findings are not diagnostic, and the diagnosis must be 
made by subdural tap. The condition must be suspected and bilateral 
subdural tap carried out in all infants with enlarging head, with per- 
sistant vomiting or with convulsions or other neurologic symptoms. 
If there is a history of injury, sustained at birth or otherwise, the 
diagnostic subdural tap is even more imperative. For reasons that will 
be set forth, it is imperative that the diagnosis be made early and 
surgical treatment instituted before marked enlargement of the head or 
irreparable cerebral damage has occurred. 

Ingraham and Heyl ** have outlined the most satisfactory method of 
surgical management of these infants. If a subdural hematoma is recog- 
nized by subdural tap, it is aspirated as thoroughly as possible. Diag- 
nostic subdural tap must always be bilateral because of the frequency 
of bilateral hematomas. 

The next stage is burr hole drainage, unilateral or bilateral as may 
be required. This may follow the subdural aspiration within a day or 
two but frequently has to be postponed until the child’s condition 
improves, as it usually will for a time after the subdural aspiration. 
| prefer to make the burr hole through a small vertical scalp incision 
above and behind the ear, both the scalp incision and the burr hole 
being placed so that they can be later utilized in an osteoplastic crani- 
otomy, if that proves necessary. 

The burr hole provides adequate drainage of the hematoma for the 
time being in the majority of cases. Occasionally a chronic subdural 
hematoma may be so solid a clot or so organized that it cannot be 
drained through a burr hole, but I have not seen this in infants. The 
exploratory burr hole not only permits the drainage of the hematoma 
but also an accurate evaluation of its size (at least its thickness) and, 
what is more important, the degree of development of its neomembranes 
or capsule. In early cases in which neomembranes are not well devel- 
oped, the hematoma relatively small and the head not markedly 
enlarged, drainage of the hematoma through a burr hole is sufficient. 
It is my practice to insert a small Penrose drain into the subdural 
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space and leave it in for twenty-four hours. Fluids should be given 
freely to encourage expansion of the compressed cerebral hemispheres. 
However, some degree of external hydrocephalus will persist for a time. 
The subdural space may be reaspirated from time to time, if it seems 
necessary. 

If neomembranes are well developed, they must be removed through 
a more adequate exposure. If they are not removed, they will interfere 
with the expansion of the delicate compressed cerebral hemispheres and 
probably with their nutrition. The removal of neomembranes in an 
older child or an adult is seldom necessary, but I agree with the general 
opinion that it is imperative in the infant or the young child. These 
cases are of longer standing, and the hematomas are usually larger, with 
more severe compression of the brain and more pronounced enlargement 
of the head. If the child is not in shape to withstand osteoplastic 
craniotomy, it must have further supportive treatment before the third 
stage of the surgical management, an osteoplastic craniotomy, is under- 
taken. If the hematoma is bilateral, a fourth stage, with osteoplastic 
craniotomy on the second side, will be necessary. The craniotomy 
should be extensive so as to provide adequate exposure. The neomem- 
branes on both the dural and the arachnoid side should be removed as 
thoroughly as possible. Especial care must be taken at their margins, 
particularly toward the midline superiorly and toward the base inferiorly. 
At these points they are apt to be attached to cerebral veins bridging 
the subdural space. Tearing these veins gives rise to troublesome 
hemorrhage and, what is worse, necessitates clipping or coagulating 
them, which interferes with the blood supply of a cerebral hemisphere 
whose function and future development are already seriously jeopar- 
dized. After complete hemostasis the dura is closed, perhaps being 
left open at the base in the temporal region. The bone flap is replaced, 
being anchored with silk or wire sutures passed through drill holes in 
the bone edges. A large subtemporal decompression may be advisable. 
The subdural space should be drained for twenty-four hours to facilitate 
normal expansion of the brain. The temporal muscle and scalp are 
closed in the usual way. After removal of the neomembranes the 
surgeon is still confronted with a serious problem in the advanced case. 
The enlargement of the skull, made possible by the separation of the 
sutures, has created an intracranial cavity larger than the brain it is 
supposed to harbor, even when the latter is normally expanded. More 
or less external hydrocephalus is the inevitable result of the large 
infantile subdural hematoma which has produced enlargement of 
the head. 


This can to some degree be offset by a large subtemporal decom- 
pression. If fluid tends to recur in the subdural space, it will not be 
properly absorbed, and repeated aspirations will be necessary. Total 
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protein determinations of the fluid aspirated from the subdural space 
compared with determinations of the fluid obtained by lumbar puncture 
will serve to tell whether the former fluid is subarachnoid or is isolated 
in the subdural space. Subdural fluid will contain much more total 
protein than subarachnoid fluid. 

In spite of every effort, the operative results may be poor in cases 
of advanced infantile subdural hematoma. Long-standing cerebral com- 
pression will prevent normal cerebral development. Spasticity of the 
extremities, convulsions and lack of normal mental development may 
ensue. Obviously, efforts must be directed at earlier recognition of the 
lesion so that drainage can be carried out before appreciable enlarge- 
ment of the head and irremediable cerebral damage occurs. This con- 
dition can be cured by surgical treatment instituted in time, and the results 
can be brilliant. As has been emphasized, the condition is difficult to 
diagnose clinically, but the alert physician will recognize its possibility 
and will resort early to diagnostic bilateral subdural tap in all doubtful 
cases. 

INTRACRANIAL INFECTION 


The treatment of intracranial infection has been greatly advanced by 
the development of modern chemotherapy. Suppurative meningitis, 
with its previous mortality of nearly 100 per cent, is now frequently 
cured, and the outlook in meningococcic meningitis, originally more 
hopeful, has been still further improved. 

The same is true of brain abscess, although the surgical problems 
in this condition are still difficult to solve. In cases of brain abscess 
one can make no mistakes in technic or judgment without the patient 
paying dearly. It is necessary not only to make a diagnosis of brain 
abscess and to localize it properly but also to judge correctly the proper 
time for surgical intervention. Attempts at surgical drainage at the 
wrong time are as disastrous as operation in the wrong location or 
failure to make the diagnosis. 

Because of the rarity of penetrating cranial wounds, the lack of 
development of nasal accessory sinuses and of mastoid processes and 
the rarity of suppurative pulmonary lesions in the first two years of 
life, cerebral abscess at this age is not common. The most common 
causes are acute or chronic otitis media, general septicemia, penetrating 
wounds or bacterial endocarditis, In the case of septicemia or bacterial 
endocarditis, the abscesses are embolic and usually multiple and conse- 
quently not suitable for surgical treatment. 


In ‘intracerebral abscess the actual intracranial invasion is usually 
in the form of meningitis, in which the spinal fluid may be sterile or 
may contain organisms on culture. The meningitis itself may be over- 
whelming and cause the death of the patient. Usually, however, as 
the signs of meningitis subside, the development of the abscess begins. 
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This can be divided into three stages. The first, the stage of invasion, 
is really a localized suppurative encephalitis. At times, with virulent 
organisms and with low resistance on the part of the patient, this 
process may rapidly spread, till death soon occurs. However, a more 
typical course is for liquefaction necrosis of the involved brain tissue to 
take place and the second stage, that of frank suppuration, to begin. 
At this time the area involved is progressively walled off by a surround- 
ing zone of leukocytes, round cells and proliferated glia cells, especially 
microglia. As this walling-off process proceeds, vascularization of the 
zone begins and the third stage of definite encapsulation of the abscess 
is entered into. It is not until this stage is well advanced that open 
drainage of an abscess of the brain can be undertaken without grave 
danger of spreading the infection. 

The symptoms of cerebral abscess typically follow a course that 
parallels the stages of its development. In the initial stage of intracranial 
invasion with meningismus or meningitis, there are high fever, prostra- 
tion and signs of meningeal irritation, with stiff neck, positive Kernig 
and Brudzinski signs, irritability and obvious headache. Examination 
of the spinal fluid at this time shows cloudy fluid under increased 
pressure, with hundreds or even thousands of polymorphonuclear cells 
per cubic millimeter. Cultures may or may not reveal pathogenic 
organisms. If chemotherapy has already been instituted, the cultures 
will usually be negative. It should be emphasized that, whenever 
possible, in all cases of suspected intracranial infection diagnostic spinal 
puncture, with culture of the fluid for the causative organism, should 
be carried out before chemotherapy is instituted. 

If the meningitis improves, the signs of cerebral irritation abate, 
but prostration of the patient persists, with headache, dulness or stupor, 
perhaps vomiting and persistent daily elevation of the temperature. 
As the infective process becomes walled off and encapsulation progresses, 
the temperature falls (a low grade fever may persist), the general 
condition of the patient improves, the state of consciousness clears and 
the cell count in the cerebrospinal fluid falls to a few hundred or less. 
The cells tend to become predominantly lymphocytes rather than poly- 
morphonuclear leukocytes. Signs of increased intracranial pressure 
develop, with enlargement of the head and palpable separation of the 
sutures in the young infant and roentgenographic separation of the 
sutures and papilledema in the older child. Papilledema may also be 
seen in the infant. 

In the past the best surgical results have been obtained by waiting 
until encapsulation of the abscess was well under way. Only by this 
means could the further spread of infection be avoided. However, with 
the use of sulfonamides and penicillin, many of the symptoms described 
are often masked so that the stage of development of cerebral abscess 
is more difficult to recognize. Also surgical intervention can now be 
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carried out earlier and more radically without danger of spreading 
infection. Aspiration of a cerebral abscess may now be carried out 
through a burr hole or small trephine opening as soon as the abscess 
is recognized and localized. Localization is often difficult in young 
infants and children, and ventriculography may be necessary. The 
abscess cavity should not be irrigated after aspiration unless one is 
sure that it is well encapsulated. The presence and stage of develop- 
ment of an abscess capsule must be determined from the amount of 
resistance encountered when the exploring cannula enters the abscess. 
However, 20,000 to 30,000 units of penicillin may be instilled after 
aspiration. With this treatment and a continuation of the use of 
sulfonamides and penicillin, the abscess may not recur. If it does, 
another aspiration in a few days and reinstillation of penicillin may cure 
it. If it persistently refills, a decompression 4 to 6 cm. in diameter 
should be made directly over it and the dura opened. Strips of gauze 
may be tucked between the dura and the cortex to promote walling off 
of the subarachnoid space by adhesions and the scalp wound sutured 
for a few days. Usually in that time the abscess will have migrated to 
or near the surface of the brain and may now be resected, or it may 
be exteriorized by opening the capsule and suturing it to the galea. 
The cavity may then be loosely packed with gauze, which is gradually 
withdrawn. 

If the abscess is near the surface to begin with, immediate extirpa- 
tion, in toto if possible, is the treatment of choice as advised by Groff 
and Grant,”* especially if it does not involve a primary projection area 
of the cerebral hemisphere. If it is in the motor area and especially 
in the dominant hemisphere, conservative management is usually indi- 
cated. However, each case must be evaluated on its own merits; early 
radical extirpation may in the end cause less brain damage than a more 
conservative course, especially if the latter entails considerable cerebral 
herniation, as sometimes occurs. Modern chemotherapy has on the one 
hand often obviated the need for radical measures in cerebral abscess 
and on the other hand made it possible for the surgeon to carry out 
successfully procedures that he previously either could not do at all or 
had to postpone until a much later stage. 

Subdural abscess is rare; it usually follows otitis media or sinusitis. 
Rarely a chronic subdural hematoma may become infected and subdural 
abscess develop. It may also follow osteomyelitis of the skull. The 
subdural space is filled with purulent exudate. Beneath is leptomen- 
ingitis, often with associated foci of cortical softening and multiple 
cortical abscesses. Single or multiple intracerebral abscesses may 
be present. 


28. Groff, R. A., and Grant, F. C.: The Surgical Treatment of Brain Abscess 
by Exposure and Enucleation, Ann. Surg. 111:925-941, 1940. 
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The clinical course is usually rapidly downhill. Signs of meningitis 
usually predominate but may be absent, and even the spinal fluid may 
show few changes with only a slight increase in cells. The condition 
is seldom recognized clinically and as a rule is revealed only in the 
course of exploration. Treatment is not satisfactory, but occasionally 
recovery takes place after surgical drainage. Kubik and Adams *” 
reported 14 cases, with two recoveries. The subdural space should be 
thoroughly evacuated through a burr hole or trephine opening ; multiple 
openings should be used if necessary. It should be thoroughly irrigated 
and then sulfonamides and penicillin instilled locally. The wound should 
then be closed without drainage. Glass °° has described evacuation of 
a subdural abscess by means of an osteoplastic craniotomy. Intensive 
chemotherapy should be continued. Further aspirations of the subdural 
space, with reinstillation of penicillin, may be necessary. The patient 
must be watched carefully for evidence of intracerebral abscess. If the 
infective process has spread to the base of the brain, occlusion of the 
basilar cisterns by inflammatory exudate may result in hydrocephalus. 


INTRACRANIAL NEOPLASMS 


As Bailey, Buchanan aad Bucy * pointed out, intracranial neoplasm 
is relatively rare in the first few years of life. Of one hundred and two 
intracranial neoplasms occurring before the age of 16 years, twelve 
occurred in the first two years of life. Three of these were pineal 
tumors, two of meningeal origin, two ependymomias, two unclassified 
gliomas, one an astrocytoma, one a spongioblastoma and one a sarcoma 
of the cerebellum. 

I have encountered only five intracranial tumors in this age group. 
Three were located in the posterior fossa and were all medulloblastomas 
of the cerebellar vermis, and two were supratentorial, one a glioma 
of the optic chiasm and the other a large papilloma of the choroid plexus 
(figs. 9 and 10). The symptoms of intracranial tumor in the infant 
and the young child are essentially those of increased intracranial 
pressure. As has been pointed out in the discussion of chronic subdural 
hematoma and brain abscess, one cannot expect localizing neurologic 
signs to any considerable extent in organic brain lesions at this age. 

Vomiting, failure to gain weight, irritability and progressive enlarge- 
ment of the head will be seen. Papilledema may be present but often 
is absent. In the child under 18 months of age, the presenting symptoms 
are essentially those of hydrocephalus; in older children enlargement 


29. Kubik, C. S., and Adams, R. D.: Subdural Empyema, Brain 66:18-42, 
1943. 

30. Glass, R. L.: Osteoplastic Flap Method in the Treatment of Subdural 
Abscess, J. Neurosurg. 4:391-393, 1947. 
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of the head may not be noticeable. External rectus palsy, either uni- 
lateral or bilateral, is common. An ataxic gait may be noted if the 
child has learned to walk. Convulsions may occur in cases of supra- 


Fig. 9.—A, ventriculogram (lateral view) showing large intraventricular tumor 
(papilloma of ‘choroid plexus.) B, posteroanterior view. 











Fig. 10.—Photograph of large intraventricular tumor in figure 9 removed at 
operation. 


tentorial lesions but are rare in instances of neoplasms of the posterior 
fossa. 

Roentgenograms of the skull in the older child often show separa- 
tion of the sutures, and the so-called convolutional markings of the 
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inner table may be increased. Air studies, either ventriculograms or 
encephalograms, are often necessary not only for diagnosis but also for 
localization. 

The therapeutic results in the intracranial neoplasms encountered 
in the first two years of life are not encouraging. It is difficult and 
usually impossible to make an accurate pathologic diagnosis without 
surgical verification. This fact indicates surgical exploration in all 
cases unless they are so advanced as to be obviously hopeless or unless 
preoperative air studies show the neoplasm to be inoperable. The 
occasional operable lesion is generally of a type that is not radiosensi- 
tive, so that preliminary treatment with roentgen rays causes the 
loss of valuable time. On the other hand, if a highly malignant but 
radiosensitive lesion (such as cerebellar medulloblastoma) is encoun- 
tered at operation, intensive roentgen therapy may be begun as soon as 
the operative wound is healed. This therapy is also apt to be successful 
with the vascular tumors, such as hemagioendothelioma and hemangio- 
blastoma. These too are often benefited by surgical treatment, especially 
if they are cystic. 

Medulloblastomas are radiosensitive, and reports from a number of 
clinics, as well as my own experience, indicate that some cures 
can be obtained with early intensive roentgen therapy pushed to the 
limit of tolerance. Care must be taken not to push it to the point 
where vomiting and cachexia cause the death of the child or where 
permanent damage is done to a growing and sensitive brain. In cases 
of medulloblastoma the entire neuroaxis must be treated because of the 
tendency of these tumors to spread throughout the intracranial and 
intraspinal cavities by implants. It is my practice’ to administer 5,000 
roentgen units to the primary site of the tumor (almost always the 
cerebellar vermis). This is followed by 5,000 units to the spinal canal 
and then 5,000 more to the cerebral hemispheres. Under favorable 
conditions this is given over a period of twelve weeks; often however, 
because of the condition of the child, a longer period is necessary. 
After this initial series is given, no more is administered for three 
months and then another series of 5,000 roentgen units is administered 
to the primary site. More roentgen therapy may be given later if 
symptoms of neoplasm recur. It is important to treat the cerebral 
hemispheres and the spinal canal; on two occasions children have come 
to necropsy with no evidence of medulloblastoma in the posterior fossa 
(the primary site) but with extensive implants in the cerebral ventricles 
and the spinal canal. 

Glioma of the optic chiasm or glioma of the pons or medulla is a 
hopeless lesion. These gliomas are generally spongioblastomas and not 
radiosensitive. Their location makes. them inoperable. The: glioma of 


the optic chiasm may be recognized by blindness in one or both eyes, 
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with loss or impairment of the pupillary reflex, the presence of optic 
atrophy (sometimes combined with papilledema in the opposite eye) 
and the roentgenographic findings of enlargement of one or both optic 
foramens, or the so-called “banjo” appearance of the sella turcica. 
However, all these findings may be absent, and the lesion at times is 
extremely difficult to recognize clinically. 

Glioma of the brain stem in infants or in young children is difficult 
to recognize clinically. It is most often mistaken for encephalitis or 
tuberculous meningitis. Since all three lesions are inoperable, an error 
in diagnosis is not serious from a surgical standpoint. Evidence of 
increased intracranial pressure appears late or not at all in this tumor, 
since it generally causes death by involvement of vital centers or path- 
ways before it can produce an increase of intracranial pressure by 
either its own growth or the block of cerebrospinal fluid circulation. 
The clinical findings are generally those of a bizarre combination of 
unilateral or bilateral pyramidal tract and cranial nerve signs. The 
diagnosis of these tumors is also difficult to establish by air studies, 
especially ventriculography, unless the aqueduct and the fourth ventricle 
are visualized. Displacement or distortion of these structures indicates, 
of course, the correct diagnosis. 

Cerebral astrocytomas are rare at this age. If they are encountered, 
there is a good chance for operative cure, as some of the greatest 
triumphs of neurologic surgery have been achieved in the treatment 
of these tumors. Their tendency to be cystic, with only a mural nodule 
of active neoplasm, and the tolerance of the young to extensive sacrifice 
of cerebellar tissue make it possible for the surgeon to effect frequent 
cures. In 1935 I encountered a patient who had been operated on in 
1904 by Dr. J. B. Murphy for cystic cerebellar tumor. It was pre- 
sumably a cystic astrocytoma, although no record exists now of the 
microscopic changes. 

Cerebral astrocytomas and supratentorial meningeal tumors may 
occur during the first two years of life but are rare. The surgical 
problems of supratentorial tumors are essentially the same at any age. 

Senign neoplasms that do not involve primary projection areas of the 
cerebral cortex can be attacked radically. More malignant lesions or 
those that involve primary projection areas, especially those for speech 
and the right hand, must be treated more conservatively. To preserve 
life at the cost of permanent disability is undesirable at any age and 
especially so in infancy. 


OPERATIVE PRINCIPLES 
The fundamentals.of good neurosurgical technic are the same no 


matter what the age of the patient, but to carry out successfully major 
neurosurgical procedures on infants and young children requires certain 
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fundamental precautions. The preoperative management ordinarily 
requires nothing specific, but if the infant is cachectic or anemic, pre- 
operative blood transfusions or infusions of plasma must be given to 
bring the blood count up to normal and improve the general condition. 

Ordinarily no preoperative medication is given except a small dose 
of atropine (1/750 to 1/300 grain [0.00008 to 0.0002 Gm.], depending 
on the age). In infants local infiltration of the operative area with 0.5 
per cent procaine hydrochloride is usually ‘sufficient for anesthesia. 
If the child is restless he may be given a little whisky in sweetened 
water. Older children will require general anesthesia, and ether by 
inhalation is generally the most satisfactory agent. 

It is of extreme importance to maintain the child’s fluid balance and 
circulating blood volume during operation. Many house physicians 
become expert at intravenous injections, even in infants. However, 
the intravenous infusion of plasma or blood during operation is so 
important that a surgical procedure, even though it may only be 
making bilateral burr holes, should never be begun in the infant or the 
young child without first inserting a cannula in a cubital or ankle vein, 
using direct exposure of the vein and tying the cannula into the vein. 
It is necessary to have small cannulas, 20 or 22 gage in size, and a 
binocular loupe such as is used in ophthalmology is helpful for the actual 
insertion of the cannula into the vein. 

The amount of fluid or blood given at one time must be carefully 
regulated, as the circulating blood volume of the infant is small and too 
rapid intravenous infusions may produce failure of the right side of the 
heart with acute pulmonary edema. When fluid or blood is given intra- 
venously to an infant or a young child, it is a safe rule to limit the amount 
given at one time to 10 cc. per pound of body weight. This may of course 
be exceeded during an operation, because of the blood and fluid loss that 
is occurring at that time. Usually citrated blood is administered slowly 
(30 to 60 drops per minute) during the operative procedure, and after 
the operation an additional 10 cc. per pound of body weight of blood 
plasma or other fluids is given. The total amount of citrated blood 
usually given is 200 to 300 cc. 

The postoperative management of intracranial or intraspinal opera- 
tions in infants or in young children is of great importance. The best 
of operations may result in failure if the nursing care is deficient or if 
postoperative complications are not dealt with promptly and properly. 
If possible, a nurse should be in constant attendance for the first twelve 
to twenty-four hours after operation or until the child regains con- 
sciousness. The necessary frequent determinations of pulse and respira- 
tions, the prevention of aspiration of pharyngeal secretions or vomitus 
and the treatment of hyperthermia, if it occurs, all demand skilled 
nursing care. Postoperative shock and operative loss of blood are to be 
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combated by adequate replacement of blood and fluids and by stimu- 
lants; small doses of caffeine or nikethamide are best. 

Hyperthermia is a frequent and important postoperative complica- 
tion. It is more frequent in children than in adults because of the ease 
with which the heat-regulating mechanism can be disturbed in a child. 
It is especially apt to occur after operations on the posterior fossa or in 
procedures in which the ventricles are opened, as in ventriculostomy, 
but it may occur after any intracranial procedure and even after a 
spinal procedure. The rectal temperature should be taken hourly for 
eight to twelve hours after operation and every four hours thereafter. 
If the temperature rises above 102 F. rectally, large doses (2 to 5 grains 
[0.12 to 0.3 Gm.]) of aminopyrine should be given, and a colonic flushing 
of tepid water may be given. Ice bags may also be placed about the child. 
If this fails to bring the temperature down, then a colonic flushing of 
cold water may be given. As soon as it is seen that the temperature 
is rising rapidly, radical measures of control must be _ instituted. 
Failure to do so may result fatally as after the temperature has reached 
105 F. or more it may be impossible to control it. 

The children can generally take their formula or usual feedings 
immediately after operation. Persistent vomiting or refusal to take 
fluids may necessitate tube feedings or prolonged intravenous feedings. 
Postoperative anemia or protein deficiency must be overcome by blood 
transfusions or administration of plasma. Many patients, especially those 
with hydrocephalus or subdural hematoma, may need repeated ventricular 
tapping or aspiration of the subdural space. Unless the surgeon has 
an experienced and trusted assistant,-he must be prepared to give his 
patients unremitting attention until their recovery is certain. 

Many special surgical procedures have already been discussed under 
the headings of spina bifida, cranium bifidum, resection of the choroid 
plexus, depressed fractures and subdural hematoma. In cases of internal 
hydrocephalus due to intracranial tumor preliminary tapping of the 
ventricle with constant drainage for a few days through a flanged 
cannula or an indwelling catheter may be an immediate life-saving 
measure. It also may prepare a child for a major surgical procedure, 
which it otherwise could not have withstood. Formal osteoplastic 
craniotomy and suboccipital craniectomy are not often necessary in 
infants and young children but may have to be carried out, especially 
in cases of neoplasm and subdural hematoma. Scalp hemostasis is best 
obtained by the use of some type of scalp clips; if they are not at hand, 
the usually available Michel skin clips may be used. Not only are 


forceps on the galea in the way, but their weight dragging on the scalp 
of the infant is undesirable. 


The osteoplastic flap itself can generally be cut with heavy scissors 
at this age, and this not only obviates the necessity of the usual technic 
of multiple burr holes connected by saw cuts with the Gigli saw but is a 
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great time saver. If the anterior fontanel is not closed and is included 
in the bone flap, the incision in the bone may be started there. Other- 
wise, an initial burr hole will be necessary. It must be remembered 
that the dura is extremely adherent to the bone and must usually be 
separated from it with a periosteal elevator before the scissors are used 
to cut the bone. This is especially true at the fontanel where the 
periosteum of the skull and the dura meet and fuse into the fontanel 
membrane. After reflection of the osteoplastic flap the dura is opened 
in the usual way with the base of the dural flap superiorly. If there 
is increased intracranial pressure, the ventricle should be tapped before 
the dura is opened so as to prevent severe herniation of the cortex, 
with rupture. 

The operative manipulations of the infant’s brain must be carried 
out with extreme delicacy. The vessels are thin walled and easily 
rupture, and the cerebral substance itself is even more delicate and 
easily injured than in the adult. Anchoring the bone flap with silk 
or wire sutures when it is replaced is not usually necessary as it can be 
sufficiently anchored by tiny silk sutures in the periosteum. In the 
infant, separate closure of the galea with a layer of buried silk sutures 
is usually not desirable because the scalp is.so thin. A single layer of 
figure-of-8 silk sutures through the galea and scalp will give satisfactory 
closure and good hemostasis. If desired, a rubber Penrose drain may be 
led out from beneath the flap for twenty-four hours. 

Suboccipital craniectomy is carried out in essentially the same way as 
in the adult. However, in many cases, especially when the lesion is 
obviously midline, a midline suboccipital incision is more rapidly made 
and closed than the routine bilateral exposure through a curvilinear 
incision extending from the tip of one mastoid process to the other and 
passing just beneath the occiput. The classic crossbow incision of 
Cushing is not necessary for adequate exposure of the cerebellar hemi- 
spheres in the infant. The face-down position for suboccipital crani- 
ectomy is preferable in the infant, though the erect position is better in 
older children and adults. However, the extreme vasomotor instability 
of the infant makes it inadvisable to attempt to carry out major operative 
procedures in the upright position. 

Diagnostic surgical procedures, such as dye studies, subdural taps 
and ventriculography, have already been described. Encephalography 
or spinal air injection is at times preferable to direct injection of air 
into the ventricles. It not only visualizes the subarachnoid spaces to 
a greater or lower degree but also, if successful, demonstrates the 
patency of the ventricular system and its communications with the 
subarachnoid space. 


For a spinal air injection a child under 1 year of age may be 
given 1%4 grains (0.1 Gm.) of pentobarbital sodium an hour before. 
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If from 1 to 2 years of age, they receive 3 grains unless they are 
debilitated or cachectic (in which case 1% grains is sufficient). Lumbar 
puncture is performed with the child in the lateral position and the 
inanometric pressure determined. If it is over 350 to 400 mm. with 
the child quiet, spinal injection of air is dangerous, and the procedure 
should be given up and ventriculography carried out instead. Then 
the child is raised to the sitting position and so supported by an 
assistant, nurse or attendant. Spinal fluid is removed in 5 cc. amounts 
and air substituted in similar amounts, with the use of the open frac- 
tional method, until drainage is complete or until 140 to 160 cc. of uid 
has been removed. It is generally undesirable to remove more than 
150 cc. of fluid in spinal encephalography in the infant or young child 
because of the danger of severe reaction. If signs of shock or collapse 
appear, the drainage is discontinued, the child placed in the horizontal 
position and stimulants are administered. 

After the roentgenograms of the skull have been made, the child 
is carefully nursed, the usual routine postcraniotomy orders and pre- 
cautions being used. Aside from immediate transitory reactions, infants 
and young children recover with surprising rapidity from diagnostic 
spinal air injections. However, they are not without risk, especially 
in debilitated or cachectic children, and they are highly dangerous in 
cases of obstructive hydrocephalus, especially those due to obstruction 
of the posterior fossa. 


SUMMARY AND CONCLUSIONS 

The successful management of nerosurgical problems in the infant 
and the young child requires special knowledge of the anatomy and 
physiology of the central nervous system at this age and the application 
of certain special technics and methods. 

Children with spina bifida who have evidence of even partial neuro- 
logic function in the lower extremities should be operated on. Those 
who show no evidence of neurologic function should not be operated 
on unless it is apparent that a plastic repair will make it possible to 
care for the child more easily. 

If hydrocephalus develops as a complication of spina bifida, it is 
usually obstructive in type and due to the Arnold-Chiari malformation. 
Ventriculostomy, preferably by the lateral temporal approach, appears 
to be the treatment of choice. 

So-called idiopathic or communicating hydrocephalus is a difficult 
problem. It may be checked or arrested by resection of the choroid 
plexus, but the operative risk in most hands is high. 

Postinflammatory hydrocephalus, whether shown to be obstructive 
or communicating by dye and air studies, is often due to fibrinous 
adhesions of the subarachnoid spaces at the base of the brain and is not 
amenable to surgical procedures. 
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Cranium bifidum that is not associated with severe cerebral defects 
can usually be satisfactorily repaired. In the rare cases in which it 
occurs at the base of the skull it is a difficult problem but sometimes 
can be successfully operated on by an intracranial approach. 

Chronic subdural hematoma is much more common in the infant and 
the young child than is generally supposed. If the results are to be 
satisfactory, operation must be carried out before the head has markedly 
enlarged or the brain has suffered serious compression. Every infant 
whose head is enlarging or who presents signs of a progressive cerebral 
lesion should be subjected to a bilateral diagnostic subdural tap to 
ascertain if a subdural hematoma exists. 

Brain abscess is not common in the infant or the young child. The 
problems of surgical management are much the same as in older 
children and adults, but modern chemotherapy has proved of great help 
to the surgeon. 

Intracranial tumors are relatively rare in the first two years of life. 
Unfortunately, when they do occur, many are highly malignant. More 
than twice as many occur below the tentorium as above it. Medullo- 
blastomas of the cerebellar vermis are common and can rarely be 
completely extirpated surgically, but there is some hope of cure with 
adequate roentgen therapy. 

Enlargement of the head in infancy must not be considered as 
idiopathic hydrocephalus until it has been established that the child 
does not have a subdural hematoma, a brain tumor or a brain abscess. 


It follows that in all cases of enlargement of the head in infancy 
(a) diagnostic bilateral subdural tap, (b) dye studies and (c) air studies 
if necessary to establish a definite diagnosis should be carried out. 


Infants and young children must not be operated on without imme- 
diate adequate replacement of blood and body fluids that are lost. During 
the immediate postoperative course, especial attention must be paid to 
body temperature and to the maintenance of an adequate fluid intake. It 
may be necessary to drain or tap the ventricles, and constant nursing 
care is imperative. 














SURGICAL ANATOMY OF THE CHOLEDOCHAL NERVES 
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HE ANATOMY of the nerves of the biliary system has aroused 

surgical interest because of its potential importance in connection 
with the pain syndrome occurring after cholecystectomy and during 
biliary dyskinesia. Womack and Crider: have successfully treated 
patients with persistent symptoms of biliary disease following cholecyst- 
ectomy by section of the choledochal nerves in the region of the cystic 
duct remnant. Denervation of the ductus choledochus has been proposed 
as a method of treatment for biliary dyssynergia, but the operation has 
been attempted by relatively few surgeons.* Differences in the operative 
descriptions of biliary denervation, variations in the accounts of the 
anatomy of the biliary nerves and the scantiness of the available litera- 
ture on this subject have made it desirable to restudy the nerves of the 
choledochus. 

Although the nerves of the biliary system have been studied by 
many anatomists, emphasis has been placed mainly on the topography 
of the hepatic nerves while the detailed anatomy of the choledochal 
nerves has been generally by-passed. The hepatic plexus of nerves 
derived from the celiac ganglion has been variously named and described 
in anatomy textbooks and scientific articles. Cruveilhier,* Luschka * 
and Latarjet ° divided the hepatic plexus into an anterior and posterior 
division, all the fibers of which were traceable from specific sections 
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of the celiac ganglion, Schwalbe® believed that the hepatic plexus 
comprised three independent systems, namely, (a) the nerve plexus of 
the hepatic artery, (b) the nerve plexus of the portal vein and (c) the 
nerves of the bile ducts. Jayle,’ however, classified the hepatic plexus 
as divisible into two nerve pedicles, a superior pedicle which consisted 
of the gastrohepatic nerve and its branches and an inferior pedicle which 
included both the anterior and the posterior groups of hepatic nerves. 
Raigorodsky * described in great detail the special variations of the 
anterior hepatic plexus of nerves in relation to the variations of the 
hepatic artery as grouped by Rio-Branco.® Kiss and Ballon *° noted 
twenty-four types of variations of the hepatic artery but observed that 
the topography of the anterior hepatic plexus of nerves was retained 
despite the alterations in the arterial pattern. Latarjet® was the first 
to recognize the anatomic and surgical significance of the choledochal 
nerves. He also described two previously unnamed biliary nerves, the 
posterior choledochal and the pancreaticocholedochal nerves, both derived 
from the posterior hepatic nerve plexus. Alexander, however, stated 
that the pancreaticocholedochal nerve together with the internal nerve of 
the gallbladder originated from the anterior hepatic plexus. Perman ** 
described the nerve of the common bile duct as originating from the 
celiac plexus and running toward the neck of the gallbladder, after 
which it pursued a downward course in the direction of the duodenum 
supplying two branches to the bile duct. The most recent anatomic 
studies on the innervation of the choledochoduodenal junction were made 
by Franksson, who claimed the principal nerve supply of the duodenal 
papilla to be derived from the choledochal nerves. 

The anatomy of the choledochal nerves has been restudied in 60 
supervised graduate dissections, in 10 special dissections, in 3 dissec- 
tions of fetuses and in several fresh autopsy specimens. All dissections 
were performed according to the following plan: The left lobe of the 
liver was removed. The anterior layer of the lesser sac was opened. 
The gastrohepatic nerve and the right and left vagi were exposed. The 
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celiac artery and the right and left sections of the celiac ganglion were 
isolated. The branches of the anterior hepatic plexus were traced con- 
currently with the dissection of the branches of the common hepatic 
artery. The liver was then mobilized and rotated to expose the posterior 
surface of the common bile duct. Likewise the duodenum was mobilized 
and rotated to the left to expose the retroduodenal and pancreatic seg- 
ments of the common bile duct. The nerves on the anterior and 
posterior surfaces of the bile ducts were carefully dissected and traced. 
The branches of the posterior and anterior hepatic plexus were followed 
to the celiac ganglion. Finally, the portal vein was excised to allow 
for complete visualization of the biliary nerve structures. In the pres- 
ent study specific attention was devoted to the determination of the 
surgical approach and the safeguards necessary for the proper perform- 
ance of choledochal denervation in the operating room. 

The results of the findings in these dissections have been recorded 
primarily with reference to the choledochal nerves, their origin, course 
and distribution. No references are made to hepatic contributions since 
the innervation of the liver has been adequately studied. The accom- 
panying diagram gives the scheme of the choledochal nerves. 


Right Celiac Ganglion —Intercommunicating —— Left Celiac Ganglion 
! 


Posterior Hepatie—————Cholecystie Anterior HepaticGasstroduodena! 
: Plexus Plexus Plexus 
| 


(peacetime ——— 


| | | 
Cephalic Intermediate Caudal Internal Prebiliary Biliary Fibers 
Branch Branches Branch Nerve of Nerve (Retroduodenal, 
| | Gallbladder Ampullary 
| Pancreatic) 
External Posterior Pancreatico- 
Nerve of Choledochal Choledochal 
Gallbladder Nerve Nerve 


The anterior hepatic plexus of nerves was remarkably constant in 
97 per cent of dissections and in the other 3 per cent was modified only 
in the presence of a replacing hepatic artery which was derived from 
the superior mesenteric artery. In the latter cases the replacing artery 
was accompanied with periarterial branches from the superior mesenteric 
nerve plexus. The anterior hepatic nerve plexus consisted of fibers 
from the right and left celiac ganglions, fibers from the left gang- 
lion predominating in 73 per cent of the dissections. The anterior nerve 
plexus commenced at the origin of the common hepatic artery and 
accompanied in a periarterial manner ail the branches to their terminal 
visceral distributions. 


The fibers of the anterior hepatic nerve plexus passed to the liver 
and gallbladder via the hepatic and cystic arteries and down the common 
bile duct on its anterior aspect as far distally as the supraduodenal 
segment. In the region of the cystic duct, i.e., in Chalot’s triangle, the 


internal or medial nerve of the gallbladder could be identified as a distinct 
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single branch from the anterior hepatic plexus in 56 per cent of the 
specimens. In the other 44 per cent instead of a single cystic nerve, 
a dense plexus of cholecystic nerves was formed about the cystic duct 
and the gallbladder. 

The anterior hepatic plexus continued down about the gastroduo- 
denal artery and its branches in a plexiform manner. Fibers from the 
gastroduodenal plexus reached the terminal portion of the common bile 
duct, the duodenum and the head of the pancreas in company with the 
visceral branches of the artery. The retroduodenal, the ampullary and 
the choledochoduodenal junctions were innervated by nerve fibers 
which accompanied branches from the supraduodenal artery. 

The nerves of the posterior hepatic plexus arose directly from the 
lateral free margin of the right celiac ganglion and pursued an almost 
transverse course to the under surface of the medial margin of the portal 
vein. The number of nerve roots from the celiac ganglion involved in 
the formation of the posterior hepatic plexus varied from three to six, 
with an average of four. The nerves varied in thickness from 1 to 
2 mm. and could be freely manipulated and dissected. In 65 per cent 
of dissections, numerous intercommunicating fibers from each of the 
nerve roots formed a lacelike network or plexus. In the other 35 per 
cent there were only one or two intercommunications between the nerve 
branches. As the medial edge of the common bile duct was approached, 
the original number of nerve fibers were again reformed, each one fol- 
lowing a cephalic, a horizontal or a caudal course. The length of the 
nerves from the celiac margin to the posteromedial border of the bile 
duct varied from 2.1 to 5.3 cm. The longest branches were usually 
the first (cephalic) and the last (caudal). The shortest were usually 
the second and third (intermediate) branches. Just proximal to the 
medial margin of the bile duct the cephalic and caudal branches turned 
obliquely, the former to pursue an upward and the latter a downward 
course, while the intermediate branches continued transversely to reach 
the posterior aspect of the duct at its supraduodenal level. In the biliary 
region the cephalic branch gave rise to the external nerve of the gall- 
bladder in 52 per cent of the specimens, and in the others it contributed 
to the cholecystic plexus without formation of a distinct gallbladder nerve. 
The plexus represented an area of junction of anterior and posterior 
hepatic plexuses. 

The posterior choledochal nerve was derived from the intermediate 
branches of the posterior hepatic plexus in 55 per cent of dissections. 
In another 25 per cent there were traceable contributions from the 
cephalic and caudal branches as well as from the intermediate branches. 
The posterior choledochal nerve was not demonstrable in 20 per cent 
of the specimens but was replaced by small nerve twigs arranged in a 
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segmental manner about the duct. The posterior choledochal nerve 
ran the entire length of the dorsal aspect of the common bile duct, 
terminating proximally in the meshwork of fibers of the gallbladder. 
Distally it terminated in many small fibers piercing the retroduodenal 
portion of the bile duct. 

The caudal or last branch of the posterior hepatic plexus arose from 
the lower edge of the right celiac ganglion or reformed as a distinct 
branch from interlacing fibers. It followed the medial edge of the 
retroduodenal portion of the bile duct, splitting at the upper margin of 
the head of the pancreas into two branches, of which one accompanied the 
ampullary portion of the bile duct and the other entered the substance 
of the pancreas. This nerve corresponds to the pancreaticocholedochal 
nerve of Latarjet. 

In 35 per cent of specimens an anterior network of nerves was dis- 
sectible. These prebiliary nerves were derived from the anterior hepatic 
plexus and from anterior twigs of the posterior choledochal nerve and 
from the cephalic and intermediate branches of the posterior hepatic 
plexus. 

In the past, denervation of the ductus choledochus has been attempted 
by several methods. Based on the present study, the following sug- 
gestions may be offered. The contributions from the anterior hepatic 
plexus and all the branches of the posterior hepatic plexus must be 
cut. The fibers from the anterior hepatic plexus can be interrupted 
by sectioning the periarterial fibers about the common hepatic artery 
and the gastroduodenal artery. The branches of the posterior hepatic 
plexus can be exposed in the region between the portal vein and the 
common bile duct by retraction of the duct laterally or by retraction of 
the portal vein laterally. If the bile duct is retracted laterally, the 
branches of the hepatic plexus are exposed in the area of plexus con- 
densation. If the portal vein is retracted laterally, the right margin of the 
celiac ganglion and the stem branches of the posterior hepatic plexus 
are exposed. With either method, a surgical area is opened which 
makes accessible the nerve fibers of the anterior and posterior hepatic 
plexuses. 

From the standpoint of surgical anatomy the common bile duct may 
also be denervated directly by stripping all the nerves from its anterior 
and posterior aspects. This procedure has been performed with modi- 
fications by Reich,’ Lagerlof?” and Franksson. Reich separated the 
hepatic artery from the common bile duct and cut the lowermost 


branches of the hepatic plexus, removing any remaining nerves by 
running a ligature carrier up and down the distal half of the duct. 
Lagerlof, who based his procedure on Perman’s anatomic studies, 
excised 2 cm. of the hepatic nerve which descended dorsally and medially 
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Fig. 1—A, drawing from a dissection exposing the posterior hepatic plexus and 
its choledochal branches. In this drawing four cephalic branches are seen to arise 
from the upper aspect of the plexus. The posterior choledochal nerve is outlined 
on the under surface of the common bile duct. The pancreaticocholedochal nerve is 
shown in outline form as it arises from the caudal branch of the posterior hepatic 
plexus. B, drawing from another dissection in which the portal vein was retracted 
laterally for the exposure of the posterior hepatic plexus and its branches 





Internal nerve of gall bladder 


Right & Left hepatic arteries 


Cystic “Jf Paige hepatic artery 


Celiac axis 


Pre-biliary = g y 


aaa Right gastric artery 
} Gastro-duodenal artery 
SS) H Right qastro-epiploic artery 
‘ Superior pancreatico- duodenal artery 


RS, Posterior superior pancreatico-duodenal 
Nerve twiq to artery 
choledocho- duodenal junction 











Fig. 2 


—Schematized drawing from a dissection showing the periarterial nerve 
fibers about the common hepatic artery and its branches. 


proximally receives branches from the anterior hepatic plexus and distally from the 
gastroduodenal plexus. 
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from the common bile duct to the duodenum. Lagerlof and his associates 
performed thirty choledochal denervations for biliary dyskinesia or 
biliary colic. Surprisingly good but temporary results were reported. 
A significant lowering of serum amylase in response to morphine and 
secretin was noted after the denervation. He concluded, however, that 
the operation was of little value from the practical standpoint because of 
its temporary nature. This failure to obtain a lasting result has usually 
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Fig. A shows the surgical operative area when the common bile duct is 
Re. ‘laterally. This allows for accurate dissection of the branches of the 
posterior hepatic plexus in the vicinity of the common bile duct. B shows the 
operative area when the portal vein is retracted laterally. This allows for a 
closer approach to the roots of the posterior hepatic plexus and the right celiac 
ganglion. 


been attributed to rapid regeneration of the excised nerve tissue. On the 
basis of the present study, failure of the aforementioned operative 
technics may be the result of an incomplete denervation, since the 
procedure followed might have spared branches from the anterior 
hepatic plexus. 
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Five patients, each of whom had undergone multiple operations on 
the biliary system, were subjected to choledochal denervation because 
of persistent pain variously diagnosed as biliary dyskinesia, pancreatitis 
and recurrent biliary colic. Denervation of the choledochus was per- 
formed to conform with the findings of the present studies. Choledochal 
pressure studies in 2 patients made at various times up to the third 
postoperative month showed no response to morphine characteristic of 
spasm or increased intraductal pressure. Relief from pain was obtained 
in all 5 patients, 2 of whom have been followed for more than twenty 
months. Brief abstracts of the case histories of these patients follow. 


Case 1—A female patient aged 43 complained of recurrent attacks of sharp 
epigastric pain of one and a half years’ duration, at which time a diagnosis of 
cholecystitis was made and the gallbladder was removed. Three months later she 
was readmitted to a hospital because of recurrence of symptoms and mild jaundice, 
which rapidly subsided. At the second operation a choledochotomy was 
performed, after which there was a rapid recrudescence of symptoms which were 
described by the patient as exactly those she suffered before the removal of the 
gallbladder. On admission to our service it was noted that the patient had lost 46 
pounds (20.9 Kg.) because of pain, nausea and vomiting. Physical examination 
revealed an essentially normal condition. The operative wound was well healed, 
with no palpable mass or deep tenderness. On roentgenolugic examination there 
was no evidence of renal or biliary calculi. Roentgenograms of the gastroduodenal 
tract did not reveal ulcer, new growth or intestinal obstruction. The duodenal 
cap was normal in contour, and the duodenal loop was not distorted by pancreatic 
displacement. The blood amylase level was 89 diastatic units. Results of the 
secretin test indicated moderate diminution of pancreatic function. On Sept. 12, 
1947, an exploratory operation was done. There were numerous nonobstructive 
postoperative adhesions. The cholecystic stump was not dilated and did not seem 
to enclose a neuroma. The common duct was not distended and appeared normal. 
The choledochal nerves were exposed and sectioned. A biopsy of the pancreas 
showed moderate fatty infiltration of the lobules, some dilatation of the ducts and 
a histiocytic reaction with round cell infiltration. The postoperative course was 
uneventful. The patient has regained her original weight and has been symptom 
free since the operation. 

Case 2.—A woman aged 48 complained of attacks of abdominal pain associated 
with the ingestion of food. These attacks persisted for four years after an 
operation in which the gallbladder and appendix were removed. Within two years 
after cholecystectomy an operation was performed for the lysis of adhesions which 
failed to relieve her symptoms. Laboratory and roentgenologic examinations 
showed no abnormalities. Associated with a surgical exploration of the abdomen, 
a choledochal denervation was done. In a postoperative follow-up period of 
fourteen months the patient was greatly relieved of her symptoms. 

Case 3.—A man aged 49 had a cholecystectomy performed in 1941 and an 
incisional hernia repair in 1943. Since the cholecystectomy attacks of abdominal 
pain had increased in intensity and resulted in habituation to narcotics. A diagnosis 
of chronic pancreatitis was made at several clinics. On Jan. 14, 1948, the patient 
was operated on, and the choledochal nerves and the outer portion of the right 
semilunar ganglion with its splanchnic. vessels were removed. Since operation 
the patient has required no narcotics and his general condition has improved 
markedly. 


ORONO REIS 
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Case 4.—A man aged 79 was admitted to the hospital because of pain in the 
right upper quadrant which had increased in severity in the past six months. He 
stated that he had been aware of gallbladder trouble for twelve years but had 
repeatedly refused to permit an operation. Because of the severity of the pain and 
the failure to obtain relief from medication he consented to operation. A chronically 
inflamed gallbladder containing many calculi was removed. In addition the 
common bile duct was intubated with a small T tube and denervated. Subsequent 
choledochal pressure studies made at various times showed no response to morphine 
characteristic of spasm or increased intraductal pressure. The patient died several 
months after the operation because of cardiovascular disease. 

Case 5.—A woman aged 68 was operated on for recurrent attacks of pain, 
nausea and vomiting of three months’ duration. During that period a moderate 
jaundice developed, and it subsided within two weeks. A cholecystectomy had 
been performed three years previously. At operation a choledochal denervation 
was performed and the common duct intubated. Choledochal pressure studies were 
similar to those observed in the previous case. This patient was finally transferred 
to the medical service for arthritis, after which she was discharged. She could 
not be traced thereafter. 

SUMMARY 


The surgical anatomy of the choledochal nerves is described. Pos- 
sible methods of exposure of the biliary nerves are noted. A brief 
report is made of the results of choledochal denervation in 5 cases. In 
view of the present observations, the operation of choledochal denerva- 


tion merits further surgical consideration. 





EXTRADURAL HEMATOMAS OF THE POSTERIOR FOSSA 


R. YORKE HERREN, M.D. 
AND 
WERNER E. ZELLER, M.D. 
PORTLAND ORE. 


ANY excellent articles’ have adequately described the entity of 

extradural hematoma of the cerebral convexity. The symptom 
complex, surgical experience and pathology have been so succinctly and 
frequently commented on as to make the lesion familiar to all who have 
a ready acquaintance with craniocerebral injuries. This acquaintance, 
however, is perhaps so intimate that the suspicion of an extradural 
lesion immediately calls to mind a rupture of the middle meningeal artery 
or of some of its radicles, to the exclusion of hematomas from other 
sources and at other intracranial locations so that emergency surgical 
treatment of these is possibly neglected. 

The following reports are of extradural hematomas, exclusively of 
the posterior fossa in 1 case and chiefly of the posterior fossa in the 
second. The literature on this entity is also summarized and an effort 
is made to find a common denominator in order to make clinicians more 
aware of its existence and more alert to its symptoms. 


Case 1.—C. E., a 60 year old lumber worker, was admitted to a local hospital 
on April 22, 1948. The history was that at 1 o’clock on the afternoon of his 
admission he was pulling on a pickaroon, which gave way. He fell off a platform, 
a distance of about 10 feet (304.8 cm.), and struck the back of his head and 
shoulders. He was dazed, but was not rendered unconscious and after a few 
minutes’ rest he continued to do his work. About three hours later he complained 
of headache and nausea and was taken to his home. About six hours later his 
family, because of his drowsiness, summoned the local physician, who transferred 
him to our hospital. At the time of the examination, about eight hours after his 
injury, he could be aroused but his blood pressure was obviously low. He was 
cold and moist, and his pulse rate was about 130 per minute. Blood pressure 
recordings were not taken. There was a cracked pot percussion note in the skull. 
A lack of response on the left side, excluding the face, to severe noxious stimuli 
was noted. The pupils were round and equal. There was an increase in the deep 
tendon reflexes on the left side, with a positive Babinski sign. A diagnosis of 
laceration of the brain and fracture of the skull was made. A lumbar puncture 
was done, but because of the urgency of the situation, measurement of the initial 
pressure was precluded. The fluid was definitely under increased pressure and 
grossly bloody. It was allowed to drip slowly from the needle until it was esti- 


1. Munro, D., and Maltby, G. L.: Extradural Hemorrhage: A Study of 
Forty-Four Cases, Ann. Surg. 113:192, 1941, Shenkin, H. A., and Grant, F. C.: 
Middle Meningeal Hemorrhage, Surg., Gynec. & Obst. 75:704, 1948. 
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mated that the pressure was within normal limits. During the examination and 
the lumbar puncture, roentgenograms, including one in the Towne position previously 
taken, were developed and revealed a linear fracture of the left occipital bone. 
The fracture extended into the foramen magnum on the left side. The patient 
died about thirty minutes after his entry to the hospital (eight hours and thirty 
minutes after injury). Necropsy revealed a laceration of the right frontal lobe, and 
an extradural hematoma of the posterior fossa on the left side at the fracture site 
compressing the left region of the cerebellum and the tip of the left occipital pole. 
The fracture line was seen to produce a tear in the left transverse sinus. An inci- 
dental finding was carcinoma of the rectum. 

Case 2.—E. P., a 49 year old farmer, was admitted to a local hospital on 
July 10, 1948. About 1 o'clock on the day of his admission he had fallen from 
a cherry tree, a distance of about 10 feet (304.8 cm.), and struck the top of his 
head. He was not rendered unconscious. About four hours later he began to 
complain of headache, nausea and vomiting, and then he lost consciousness. He 
was transferred to his local hospital. The pupils were equal. Both sides moved 
equally well on the application of noxious stimuli, and he exhibited neither patho- 
logic reflexes nor reflex inequalities. A lumbar puncture made by the local 
physician revealed clear colorless fluid. At the time he was first examined by us, 
about six hours after his injury, the patient was completely unconscious. There 
was complete areflexia, the left pupil was larger than the right, respirations had 
ceased and cyanosis was present. Endotracheal intubation was done, and the 
patient was carried on positive pressure. Stereoscopic anterior-posterior and 
lateral roentgenograms of the skull failed to reveal evidence of fracture. Bilateral 
temporoparietal burr holes were placed and enlarged to the size of a 50 cent 
piece, without disclosing either extradural or subdural hematomas. It was noted 
that at the time of operation the brain did not pulsate. The patient was placed 
in a Drinker respirator but never regained consciousness, and he died two days 
after the injury. Necropsy revealed a linear fracture of the left occipital bone, 
the fracture extending into the foramen magnum. There was a large extradural 
hematoma of the posterior fossa which compressed the left cerebellar hemisphere 
and to a lesser degree the left occipital pole. The linear fracture was seen to have 
ruptured the left transverse sinus. 


LITERATURE 


The first report of an extradural hematoma exclusively of the pos- 
terior fossa was by McKenzie.* Lecount and Apfelbach * and Vance,* 
reporting on autopsy material, had previously noted hematomas of the 
posterior fossa. Coleman and Thomson ° reported a case and mentioned 
one presented by Mayfield.’ Kessel’ described a personal case, and 


2. McKenzie, K. E.: Extradural Hemorrhage, Brit. J. Surg. 26:346, 1938- 
1939. 

3. Lecount, E. R., and Apfelbach, C. W.: Pathologic Anatomy of Traumatic 
Fractures and Concomittant Brain Injuries, J. A. M. A. 74:501 (Feb. 21) 1920. 

4. Vance, B. M.: Fractures of the Skull, Arch. Surg. 14:1023 (May) 1927. 

5. Coleman, C. C., and Thomson, J. L.: Extradural Hemorrhage in the 
Posterior Fossa, Surgery 10:985, 1941. 

6. Personal communication to Coleman and Thomson. 

7. Kessel, F. K.: Cerebellar Extradural Hematomas, J. Neurol. & Psychiat. 
4-5:96, 1941-1942. 
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Turnbull® reported a case. In the discussion of the latter, Scoville, 
Watts and Meredith ® reported individual experiences with a total of 2 
individual cases. More recently Bacon *° and Gordy *! have each added 
another to the literature. From a review of the cases on record it is 
obvious that, as with subdural hematomas of the convexities, extradural 
hematomas of the posterior fossa are of an acute or chronic nature. 
As nearly as possible, table 1 is a summary of the symptoms and asso- 
ciated pathologic changes in each type and table 2 gives the operative 
data. 


TABLE 1.—Symptoms and Pathologic Changes 





Lal 
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Unknown 


Fracture of occipital bone on side of hematoma 
Immediate loss of consciousness 
Lucid interval 
Impending coma .... 
Hemiparesis 
Lateralizing reflexes ... 
Babinski sign 
Nystagmus 
Ataxia 
Increase in pressure of cerebrospinal fluid 
Bloody or xanthochromic cerebrospinal fluid...... 
Associated tears in brain 
Source of bleeding: 
Transverse sinus ..... 
Toreular Herophili ................ 
Cerebellar vein . 
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TABLE 2.—Operative Data 


Lived Died 


Operated on bsearas ies ee 2 
Not operated on enata 3 3 
Correct preoperative diagnosis........ 
Incorrect preoperative diagnosis..... 





COMMENT 


With few exceptions, reports of extradural hematomas of the pos- 
terior fossa, the cases herein described not excepted, are remarkable 
for inadequate description of symptoms and clinical signs. However, 
sufficient material is reported to make obvious the fact that emphasis 
has been placed on various clinical signs by individual authors, depend- 
ing on their personal experience with acute or chronic hematomas. The 
data reemphasize the consideration that such types do exist and clearly 
indicate that there is no typical history, symptomatology or neurologic 
picture. 

8. Turnbull, F.: Extradural Cerebellar Hematoma: A Case Report, J. Neuro- 
surg. 1:321, 1944. 

9. Cited by Coleman and Thomson. 

10. Bacon, A.: Cerebellar Extradural Hematoma, J. Neurosurg. 6:78, 1949. 

11. Gordy, P. D.: Extradural Hemorrhage of the Anterior and Posterior 
Fossae, J. Neurosurg. 5:294, 1948 
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To reconstruct a likely hypothetic case of extradural hematoma 
of the posterior fossa, there would certainly be elicited a history of 
trauma to the head, particularly the occiput. In all instances ** there 
would be evidence of fracture of the occipital bone, which fracture is 
the most accurate indicator of the side on which the hematoma lies. 
In almost all instances the patient would in a short time complain of 
headache, drowsiness, nausea and vomiting and would show signs of 
coma or impending coma. In one third of the cases there would be 
immediate loss of consciousness, followed by a lucid interval. Physical 
examination would reveal drowsines, stiff neck and equal reactive pupils. 
In about half of the cases there would be a Babinski sign (a bilateral 
3abinski sign would be of particularly dangerous import). If the history 
of trauma is of longer than three days’ duration, hypotonicity, ataxia, 
staggering gait, diminution of vision, choked disks and nystagmus are 
likely to make their appearance, in addition to the roentgenologic evi- 
dence. If the history of trauma is of shorter than three days’ duration, 
coma, unaccompanied with pupillary inequality and most probably 
unaccompanied with lateralizing reflexes and only rarely accompanied 
with forced posture on the side of the lesion, and opisthotonos or “cere- 
bellar fits” would be the presenting signs. In a little more than one 
half of the cases laboratory data will reveal an increase in cerebrospinal 
fluid pressure, and in only about one third there will be bloody cerebro- 
spinal fluid, which indicates associated neural damage. 

When attention is correctly directed to the posterior fossa and surgi- 
cal treatment is carried out, the patient has an excellent chance of 
recovery in 75 to 100 per cent of the cases. However, when surgical 
intervention is undertaken, the operator must be prepared to cope with 
bleeding from the large dural sinuses. Judging from the collected 
material, in which the correct diagnosis was suspected preoperatively 


in only one instance, the proper diagnosis is difficult and usually no 
longer than twelve hours for deliberation is afforded. 


SUMMARY 

1. Ten clinical cases of extradural hematoma of the posterior fossa 
are cited. 

2. Common features are emphasized, as is diversity of neurologic 
findings. 

3. Attention is directed to an acute form in which death intervenes 
within forty-eight hours and a more chronic form in which surgical 
intervention is not demanded for three days to nine months. 

Note.—Since this article was submitted, 1 additional case has been added to the 
literature (Anderson, F. M.: Extradural Cerebellar Hemorrhage, J. Neurosurg. 


16:191, 1949). 


12. Inaccuracy is hazarded for emphasis 





FRACTURES OF THE ANKLE 


Il. Combined Experimental-Surgical and Experimental-Roentgenologic Investigations 


N. LAUGE-HANSEN, M.D. 
RANDERS, DENMARK 


XACT knowledge of the mechanism, pathologic anatomy, genetic 

roentgenologic diagnosis and genetic reduction of fractures of the 
ankle is to be attained by combined experimental-surgical and experi- 
mental-roentgenologic investigations.‘ In this study the mechanism of 
fracture was determined by fracturing, the pathologic anatomy was 
ascertained by dissection, the genetic roentgenologic diagnosis was 
established by roentgen examination and the genetic reduction technic 
of the fractures was found by reduction maneuvers, which will be 
dealt with in a later paper, “Clinical Use of Genetic Roentgenologic 
Diagnosis and Genetic Reduction.” 

In the experimental-surgical investigations free movability of the 
ankle joint is necessary in order to place the foot in the different posi- 
tions which are to be considered. Experiments on cadavers were 
abandoned because of rigor mortis, which limits the movability of the 
foot and the ankle joint. The experiments have therefore been carried 
out exclusively on extremities which were amputated at the femur or 
at the upper end of the crus and which were wrapped up immediately 
and kept so until the experiments could be carried out a few hours later. 

At the beginning of the experiments there was always free mova- 
bility of the talocrural joint and the various joints of the foot, so that 
it could easily be placed in any position that a normal foot can adopt. 
No instruments whatever were used except a vise and nails for the fixing 
of the foot or the crus. All fractures were produced by hand. Before 
the results of the experimental investigations are reported, it is neces- 
sary to give some explanation of the movements of the foot and the 
movements in the ankle joint. The following movements of the foot 
are possible: 


Dorsiflexion and Plantar Flexion.—These are hinge movements of 
the foot in the talocrural joint around a transverse axis through the 
trochlea of the talus. Another movement takes place in the talocrural 


From the Central Hospital. 

1. Lauge, N.: Fractures of the Ankle: Analytic Historical Survey as the 
Basis of New Experimental, Roentgenologic and Clinical Investigations, Arch. 
Surg. 56:259 (March) 1948. 


957 





LF LE a AIOE ERR ORR tO ane, 


Sh Sa 


958 ARCHIVES OF SURGERY 


joint. If viewed from the front or from behind, the sides of “the malleolar 
fork” are seen to diverge a little because of the distal curving of the artic- 
ular surfaces of the malleoli and to have a cuplike appearance (fig. 1 4). 
Viewed from the front, the trochlea of the talus has the form of a trun- 
cated cone and is widest distally because of the oblique medial and 
lateral articular surfaces of the trochlea (fig. 1B). Owing to the 
shape of the malleolar fork, this exercises a positive grip on the talus. 
When the foot is loaded the talus will move a little proximally—upward 
in the malleolar fork, exercising a wedge action on this and causing a 
concurrent movement of the tibiofibular syndesmosis. In this way the 
syndesmosis plays an important role in the normal mobility of the talo- 
crural joint. The importance of healing lesions of the tibiofibular syn- 
desmosis in anatomically correct position will be clear when this fact is 
remembered. 











Fig. 1—A, “malleolar fork” seen from behind. J, ligamentum malleoli 
lateralis posterius distale (transverse ligament); 2, ligamentum malleoli lateralis 
posterius. (Note that the malleolar fork is rather cuplike.) 8B, talus viewed from 
the front. J, anterior part of medial articular surface of trochlea tali. 2, lateral 
articular surface of trochlea tali. (Note the shape of the bone [truncated cone.]) 


Supination and Pronation.—Rotations of the foot internally and 
externally around a longitudinal axis through the foot occur with 
supination and pronation respectively. The movements are the results 
of a combination of the mobility of the articulations between the talus- 
calcaneus, talus-navicular, calcaneous-cuboid and tarsal-metatarsal bones. 
During supination and pronation, adduction and abduction, i. e., tibial 
and fibular flexion of the whole foot (particularly the hindfoot) in 
relation to the crus around a sagittal axis, and inversion and eversion 
(inward and outward rotation), i.e., tibial and fibular turning of the 
tip of the foot, will take place (fig. 2). Supination of the foot is there- 
fore a combined movement constituted of inward rotation, adduction 
(hindfoot) and inversion (forefoot). Pronation is a combined move- 
ment constituted of outward rotation, abduction (hindfoot) and eversion 


(forefoot) (fig. 2). The supination-pronation movements are always 
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Fig. 2—Photograph of crus and foot with four exposures on the same film. 


The crus is held in the same unchanged position, whereas the foot is placed in 
the following four positions: a, maximally pronated and dorsiflexed; b, maximally 
pronated and plantar flexed; a’, maximally supinated and dorsiflexed; b’, maxi- 
mally supinated and plantar flexed. It is seen that the distance between a and 
a’ is equal to the distance between b and b’, which means that the supination- 
pronation movement is of the same extent whether it is made with maximally 
dorsiflexed or maximally plantar flexed foot. As this is the case, the fact that 
the distances between a and b and between a’ and b’ are equal means that the 
foot is everted to a less extent, which is due not to the supination-pronation move- 
ment but to the talus movement in the malleolar fork from dorsiflexion to maxi- 
mal plantar flexion 

Note how it is possible to observe the three components of movement in 
supination: (internal rotation of the foot around its longitudinal axis, adduction 
of the hindfoot and inversion [inward rotation] of the fore part of the foot) and 
in pronation: (external rotation of the foot around its longitudinal axis, abduction 
of the hindfoot and eversion [outward rotation] of the fore part of the foot). 
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of the same degree whether the foot is plantar flexed or dorsiflexed 
(fig. 2) or adopts a position between these two extremes. 

On dorsiflexion of the pronated foot the tip of it points somewhat 
laterally, i.e., is everted (outward rotation), and the axis through 
the middle of the foot forms a laterally open angle with the central axis 
through the crus. On maximal plantar flexion of the pronated foot 
these axes are in direct continuation (fig. 2). On dorsiflexion of the 
supinated foot the tip points medially to a considerable degree, which 
is even more pronounced in cases of plantar flexion of the supinated 
foot (fig. 2). 

It is important always to bear in mind that supination and pronation 
are combined movements whose components, adduction (tibial flexion 
of the hindfoot) and inversion (inward turning of the forefoot) and 
abduction (fibular flexion of the hindfoot) and eversion (outward turn- 
ing of the forefoot), each will produce its own particular type of ankle 
fracture when they occur either as large unphysiologic forced movements 
or as abnormal forced movements of the foot. 

On maximal supination and pronation the foot is transformed into 
an inflexible stiff entirety because of the tightening of the different 
ligaments. If forced adduction or eversion of the maximal supinated 
foot or forced abduction or eversion of the maximally pronated foot is 
carried out, the power of the forced movements will be transmitted to 
the malleolar fork because an abnormal rotation of the talus in relation 
to the malleoli produces abnormal vigorous tension in the side ligaments 
and abnormal pressure against the malleoli. 

An account is given of the results which were achieved by experi- 
ments carried out according to the accompanying plan. 

Maximal supination of the foot 

+ forced adduction ——+ Supination—adduction fracture, stages 1 and 2 


+ forced eversion ——-———+ Supination-eversion fracture, stages 1 to 4 


Maximal pronation of the foot 
+ 


4- forced abduction ——+ Pronation-abduction fracture, stages 1 to 3 
+ forced eversion ——————~ Pronation—eversion fracture, stages 1 to 4 


The types of fracture thereby produced are described according to 
a dual designation, which denotes the two genetic main factors of the 
individual type of fracture, viz., the position of the foot at the moment 
the forced movement of the foot produces the fracture. 


SUPINATION-ADDUCTION FRACTURE, STAGES 1 AND 2 
Mechanism of Fracture and Pathologic Anatomy.— The lower 
extremity is placed with the crus vertically. The foot is turned at an 
angle of considerable supination and fixed in this position to a horizontal 
support by nails through the medial and lateral edges. The heel region 
is also fixed by nails medially and laterally. 
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The adduction of the foot is performed by grasping the knee region 
and moving the crus medially, at the same time exercising pressure in 
the longitudinal direction of the crus. 

Experiment 1: The foot is fixed by the method just described. When 
the crus has been moved medially so that it forms an angle of 45 degrees 
with the support, a sharp crack is suddenly heard, and a fracture in the 
middle of the lateral malleolus is felt. 

When the medial movement of the crus is continued under simul- 
taneous pressure in the longitudinal direction of the extremity, another 
fractural sound is heard when the extremity forms an angle of 20 to 30 
degrees with the support, and a fracture in the basal part of the medial 
malleolus is now felt. After the occurrence of the latter fracture, it is 
possible to move the crus even nearer to the support and to produce a 
rather considerable medial luxation of the talus and both malleoli. 


f 


Fig. 3.—A, supination-adduction fracture, stage 1, with transverse fracture in 
the lateral malleolus. 8B, supination-adduction fracture, stage 2, with detachment 
of the collateral lateral ligaments and fracture in the basis of the medial malleo- 
lus (note the varus position of the talus in the “malleolar fork”). C, supination- 
adduction fracture, stage 2, with transverse fracture just proximal to the lateral 
malleolus (clinically a rare form of the fracture) and fracture in the basis of the 
medial malleolus. 


By this a considerable tightening of the skin is noticed over the lateral 
malleolar region, which is jutting forth to a certain degree. 

On dissection a transverse horizontal fracture through the middle 
of the lateral malleolus is seen (fig. 3.4). The periosteum on the lateral 
surface of the malleolus is ruptured at the fracture. There is no liga- 
mentous rupture of any kind. Furthermore, there is a fracture of the 


medial malleolus, with the fracture line on the articular surface running 


in the borderland between the articular surface of the medial malleolus 
and the distal articular surface of the tibia. The fracture line on the 
subcutaneous side of the bone is slightly curved and convex and runs 
from the anterior to the posterior corner of the malleolus. There is 
some dilaceration of the periosteum. 
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There is no lesion of the deltoid ligament, no fracture in the posterior 
lip of the tibia and no lesion of the tibiofibular syndesmosis. 

Experiments 2 and 5: It is found that the ligaments from the 
apical part of the lateral malleolus to the talus anteriorly and posteriorly 
and to the calcaneus have been detached from the insertion of these 
two bones with finely granular bony substances. There is no traceable 
fracture of the lateral malleolus. The fracture line in the medial malle- 
olus at the base is straight, running in an anterodorsal direction 
(fig. 3B). 

Experiment 3: Bony avulsions (the size of a bean) from the tip 
of the lateral malleolus are carried out. The calcaneofibular and pos- 
terior talofibular ligaments are anchored to the fragment torn off. The 
fracture line does not involve the articular surface of the lateral mal- 
leolus. The capsule of the talocrural bone is torn laterally. 

Experiment 4: A sharp crack is heard, and a fracture of the lateral 
malleolus occurs. The movement of the crus is continued and is gradu- 
ally carried so far that the crus adopts a horizontal position, parallel 
with the support to which the foot is fixed, without any further crack 
indicating fracture being heard. Toward the end of this maneuver a 
5 to 6 cm. cutaneous lesion is produced at the lateral malleolus. The 
rupture runs in an anterodorsal direction. 

On dissection a transverse fracture through the middle of the artic- 
ular surface of the lateral malleolus is found. The ligamenta talofibulare 
anterius et posterius and calcaneofibulare are attached to the distal 
malleolar fragment. The talus is luxated out of the malleolar fork, so 
that its superior surface looks distally and laterally. The deltoid liga- 
ment in its entirety is detached from the medial malleolus, which is not 
fractured. The joint capsule is torn anteriorly and posteriorly, but 
there are no signs of lesions at the posterior lip of the tibia. 

Experiments 6 and 7: These consist in primary ligamentous detach- 
ment with finely granular periosteal avulsions from the tip of the lateral 
malleolus and then fracture at the base of the medial malleolus. 

Experiment 8: Primary fracture at the lateral malleolus and secon- 
dary fracture at the medial malleolus are carried out. The dissection 
discloses a transverse fracture just proximal to the lateral malleolus 
itself and a couple of millimeters proximal to the distal articular surface 
of the tibia (fig. 3C). There is no lesion of ligamenta malleoli lateralis 
anterius et posterius. The fracture of the medial malleolus is found at 
the base. 

Comment.—In stage | most frequently there was detachment of the 
ligaments attached to the tip of the malleolus and the lower border 
(posteriorly) of the lateral surface of the talus in connection with a 
small fragment of bone. In 1 case the site of the fracture was in the 
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lateral malleolus itself and in 1 case just proximal to it. In both 
cases the fracture was horizontal and transverse. In stage 2 fracture 
at the base of the medial malleolus was produced six times and detach- 
ment of the deltoid ligament from the same bone once. 

Since during these experiments the foot was held maximally 
supinated and the fractures were produced by forced adduction of the 
posterior part of the foot, the fractures are termed supination-adduction 
fractures, stages 1 and 2. 

The genetic roentgenologic picture is seen in figure 3. Data on genetic 
reduction will be given in a later paper. 


SUPINATION-EVERSION FRACTURE, STAGES 1 TO 4 

Mechanism of Fracture and Pathologic Anatomy.—tThe skin is 
dissected from the dorsal part of the foot and from the distal 10 cm. of 
the anterior and lateral surface of the crus. Some periarticular fatty 
tissue is also removed in order to obtain a free view of the ankle joint 
region frontally and of the ligaments from the lateral malleolus. It 
should be noted that there was no instrumental injury of ligaments, 
fasciae or tendons. The femur stump is fixed in a vise. 

Stage 1: The anterior part of the foot is placed at an angle of 
maximal supination and then everted. In this position the anterior 
lateral border of the trochlea tali is felt at the lower border of the liga- 
mentum malleoli lateralis anterius. A vigorous tension of this ligament 


is felt, and its fibers become distinct, the ligament appearing as several 


well defined small bundles. Tension of the ligamentum transversum 
cruris and membrana interossea tibiofibulare and ligamenta calcaneo 
fibulare and talofibulare posterius is also felt. 

If the eversion (external rotation) is increased, a considerable angle 
is formed between the crus and the foot. At a certain stage of the 
eversion a slight crack is heard, indicating detachment of ligamentum 
malleoli lateralis anterius from its insertion on and at the anterior 
tubercle of the tibia (Chaput) ; a thin bony shell, the size of a large bean, 
is torn off (fig. 48). There is an injury in the tibia corresponding to 
the avulsion of the bony shell. During the eversion the small bony 
shell is removed some millimeters from the tibia while the distal part 
of the fibula with the lateral malleolus is displaced laterally and at the 
same time rotated outward. A slight diastasis appears between the 
tibia and fibula, and the intermalleolar distance anteriorly may be 
increased by 2 to 3 mm. 

After the occurrence of this lesion it is possible to look into the 
talocrural joint through the capsular tear which has been produced 
by the detachment of the ligamentum malleoli lateralis anterius. 

When the foot is no longer everted, the lateral displacement of the 
distal end of the fibula and the lateral malleolus and the outward rota 
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tion of these parts disappear, so that the fibula again comes into close 
contact with the tibia in the incisura fibularis. 

The small bony shell adopts its former place, and the intermalleolar 
distance becomes normal. Thus the diastasis has disappeared, and 
normal tension of the ligaments is restored. It is the action of the intact 
ligamentum interosseum tibiofibulare which causes the distal end of the 
fibula with the lateral malleolus to readopt its normal position. 

Stage 2: If the foot is everted again and to a greater degree under 
simultaneous pressure from the plantar surface toward the heel region, 
further lateral displacement and outward rotation of the talus and the 
distal end of the fibula with the malleolus occur under increasing tension 
of the ligamentum transversum cruris, membrana interossea and liga- 
mentum interosseum tibiofibulare, the structures which chiefly serve 
the purpose of keeping the fibula in normal relationship to the tibia 
and which vigorously counteract further lateral displacement and out- 
ward rotation of this bone. Considerable tension is felt in the ligaments 
from the posterior part of the lateral malleolus to the dorsolateral corner 
and dorsal surface of the tibia and in ligamentum talofibulare posterius, 
all of which counteract lateral displacement and, in addition, try to 
maintain the normal position of the posterior margin of the lateral mal- 
leolus in relation to the dorsolateral part of the tibia. The lateral dis- 
placement and outward rotation and the ensuing increase of tension of 
the said ligaments are produced during the eversion by the pressure 
exercised by the trochlea tali against the anterior half of the articular 
surface of the lateral malleolus. This pressure will twist the fibula 


around its longitudinal axis, and it affects it in this way with great 
force because the ligamentum malleoli lateralis anterius has been 
detached from its tibial insertion and accordingly cannot resist the 
movement by keeping the anterior margin of the malleolus against the 
tibia. When the eversion has reached a certain stage, a crack is heard, 
indicating a fracture of the distal end of the fibula (fig. 4 B). 


The fracture line has here a somewhat oblique spiral course from the 
front backward, from below upward and from the medial side laterally. 
It commences anteriorly at the line of the talocrural joint and just 
proximal to the most anterior prominent upper corner of the lateral 
malleolus and then runs dorsally, at first almost horizontally and later 
on more obliquely and backward. 

The proximal fragment consists of the part of the fibula which is 
held firmly against the tibia by the ligamentum transversum cruris, 
membrana interossea and ligamentum interosseum tibiofibulare. These 
ligaments are intact. The distal fragment consists of the lateral malle- 
olus and a distal, dorsal, smaller part of the fibula, from the dorsal border 
of which the upper part of the ligamentum malleoli lateralis posterius 
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Fig. 4.—A, supination-eversion fracture, stage 1. J, ligamentum transversum 
cruris. 2, detachment of ligamentum malleoli lateralis anterius with a small bony 
flake torn from the lateral malleolus. 3, ligamentum cruciatum cruris. 4, liga- 
mentum talofibulare anterius. 8, supination-eversion fracture, stage 2. Ligamen- 
tum transversum cruris and interosseous membrane removed. Fractures seen in 
relation to ligamentum interosseum tibiofibulare. 1, ligamentum interosseum 
tibiofibulare intact. 2, ligamentum malleoli lateralis anterius with bony flake 
avulsed from its tibial insertion at tuberculum anterius tibiae. (The bony flake 
is torn from the anterior surface of the tibia.) 3, cavity of the talocrural joint. 
4, oblique spiral fracture in distal end of fibula in supination-eversion fracture, 
stage 2. 5, surface of the fracture in tuberculum anterius tibiae. C, supination- 
eversion fracture, stage 2. Soft parts removed. Ligaments at the lateral malleo- 
lus and the ligamentum interosseum tibiofibulare are uninjured. Oblique spiral 
fracture in fibula seen from behind and the course of its fracture line in relation 
to the proximal bundles of the ligamentum malleoli lateralis posterius and to the 
distal bundles of ligamentum interosseum tibiofibulare. J, ligamentum interosseum 
tibiofibulare intact. 2, oblique fracture in fibula in supination-eversion fracture, 
stage 2. 3 , ligamentum malleoli lateralis posterius. 4, ligamentum talofibulare 
posterius. ligamentum calcaneofibt ilare. D, supination- eversion fracture, stage 
ref caitees of fracture on proximal fragment in oblique spiral fracture in distal 
end of fibula. 2, rupture in the joint capsule laterally in oblique spiral fracture 
in distal end of fibula. 3, surface of the fracture through tuberculum anterius 
tibiae. 4, ligamentum malleoli lateralis anterius with a bony flake torn from 
tuberculum anterius tibiae. 5, sac of the capsule of os talocrural joint up between 
the tibia and the fibula (torn through proximally). 5, ligamentum malleoli latera- 
lis posterius distale (transverse ligament). (Note the insertion in relation to the 
articular surface of the tibia and lateral malleolus.) 7, ligamentum malleoli 
lateralis posterius. (Note the insertion of the ligament along the entire posterior 
lip of the tibia [and in its posterior surface, in C of this figure]. It is easy to 
distinguish it from ligamentum malleoli lateralis posterius distale). 8, distal 
articular surface of tibia. 9%, medial malleolus. 
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comes and against the medial surface of which the small sac from the 
talocrural joint rests. This capsular sac is torn proximally and 
laterally (fig. 4B and D). 

Thus to the distal fragment belongs the part of the bone to which 
the following ligaments are attached dorsally : ligamenta malleoli lateralis 
posterius, malleoli lateralis posterius distale (transverse ligament), talo- 
fibulare posterius, calcaneofibulare, talofibulare anterius, all intact, and 
malleoli lateralis anterius, which is detached (fig. 4B, C, D.). 

During the eversion pressure, it is seen how ligaments, fasciae and 
membranes belonging to each of these fragments try to keep their own 
particular part of the fibula in normal relationship to the tibia and how 
it is possible, because of detachment of the ligamentum malleoli lateralis 
anterius from pressure of the talus against the anterior half of the lateral 
malleolus, to displace the distal end of the fibula with the lateral malleo- 
lus externally and to rotate the fibula outward, by which this bone is 
exposed to a torsion so violent that fracture occurs. The oblique spiral 
fracture of the distal end of the fibula occurs when the eversion has 
caused so great a tension in the portion of bone situated between the 
two systems of ligaments which are attached (fig. 4B and D) to the 
proximal and distal fragments of the fibula respectively that it exceeds 
the resistance of the bony tissue. 

By a closer examination of the medial surface of the fibula along 
the fracture line, it is seen that anteriorly this runs through part of the 
bone where the small sac from the talocrural joint rests on the distal 
end of the fibula, and where there is no ligament to keep this portion 
of the fibula against the tibia, and posteriorly it runs through the smooth 
narrow part of the bone between the site of insertion of the distal dorsal 
part of the ligamentum interosseum tibiofibulare and that of the proxi- 
mal part of the ligamentum malleoli lateralis posterius (fig. 4C). 

The fracture line is thus found in the medial surface of the fibula 
in a portion of the bone which, because of lack of ligamentous attach- 
ments, is weak against a rotational force which tries to twist the fibula 
by vigorous pressure against the anterior half of the lateral malleolus. 
Thus it is unnecessary to assume local reduced resistance of bone 
(Slomann) or special conditions of the compact substance of this bone 
(Svend Hansen) in order to explain the seat and course of the fracture, 
which depend on the anatomic conditions of the ligaments. 

The fracture is of the characteristic spiral type. The fracture line 
anterolaterally and, to some extent, dorsally in the bone has a twisted 
course, while medially it runs more vertically. The twisted fracture line 
corresponds to a left handed helical line (right leg) and thus has a 
course which agrees with the views advanced by Kock, Filehne and 
Zuppinger to the effect that the twisted fracture line of a spiral fracture 
is left handed when produced by a left handed twist. Thus the fracture 
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of the distal end of the right fibula, produced by eversion of the foot, 
will be left handed, and that of the left fibula right handed. 

The proximal line of the fracture is 3 cm. longer dorsally than 
frontally. The surface of the fracture has an oblique spiral appearance, 
owing to the course of the fracture line ; the surface of the proximal frag- 
ment looks downward, laterally and backward, whereas that of the distal 
fragment looks upward, medially and forward. In the surfaces of the 
fracture there are irregularities in the form of larger or smaller pro- 
jections and indentations which when the surfaces are joined fit 
together like the teeth of cogwheels. Because of the helical course, the 
form of the surface of the fracture may be compared with the walls of 
a winding staircase, the width of the stairs indicating the size of the 
fractural diastasis. The dorsal corner of the distal fragment comes 
6 to 7 cm. above the tip of the malleolus and is somewhat tapered 
proximally. The ligaments attached to the fragments are all intact 
except the ligamentum malleoli lateralis anterius. The strong perios- 
teum on the subcutaneous portion of the fibula and the lateral malleolus 
is torn a little proximal to the fracture line on the anterolateral surface 
of the fibula. The joint capsule, which is found as the small sac up 
between the tibia and the fibula distally, is torn, as already mentioned. 

Stage 3: If the eversion is continued after the occurrence of the 
oblique spiral fracture, a further outward rotation of the malleolar 
fragment will take place, so that the lateral surface of the malleolus 
will look backward; besides, a displacement of the malleolar fragment 
will occur laterally, dorsally and a little proximally. These movements 
are due to the pressure exercised by the talus. The position of the talus 
is also changed; it is dislocated laterally, with simultaneous rotation 
partly around its longitudinal and partly around its vertical axis. By 
rotation around its own longitudinal axis the articular space between 
the tibia and the talus is increased medially (valgus position). By out- 
ward rotation of the talus around a vertical axis, an increase of width 
of the space between the talus and the medial malleolus occurs anteriorly. 
Lateral subluxation of the talus may thus take place even though the 
deltoid ligament is not torn. Rotation of the talus around the vertical 
axis will place it a little crosswise in the malleolar fork, so that the 
anterior part of the foot is everted. 

Thus there are, at the same time, lateral subluxation, valgus position 
and outward rotation of the foot. When the talus has adopted this 


position by eversion, the width of the articular space anteriorly between 
the talus and the tibia is also increased, and the talus is slightly sub- 
luxated dorsally. Only the dorsolateral corner and the dorsal margin 
of the tibia rest on the talus. If the everting pressure against the 
anterior part of the foot is now further increased while at the same 
time attempts are made to move the foot in a proximal direction by 
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pressure against the heel, a considerable tightening of the ligaments con- 
necting the dorsal part of the lateral malleolus with the posterior lip 
of the tibia sets in, and at the same time the lateral malleolus will 
exercise a certain pressure from the lateral side against the dorsal distal 
part of the tibia and the talus will push against the dorsal lip of the tibia 
from below. When the everting pressure and the pressure against the 
plantar part of the heel have reached a certain degree, avulsion of a 
triangular fragment from the dorsal lip of the tibia occurs (fig. 5 4). 

Viewed laterally, this fragment is triangular and conical and extends 
for 2.5 cm. in a proximodistal direction with the apex upward. 

The upper limit of the fragment is level with the proximal fibers of 
the ligamentum malleoli lateralis posterius. The distal! end consists of 
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Fig. 5.—<, supination-eversion fracture, stage 3 (large fragment from posterior 
lip of tibia). J, ligamentum malleoli lateralis anterius torn off at the sites of 
insertion. 2, surface of fracture in posterior lip of tibia. 3, surfaces of the 
oblique spiral fracture in distal end of =. 4, talus. 5, ruptured periosteum 
over oblique spiral fracture in fibula. 6, proximal fibers of ligamentum malleoli 
lateralis anterius or distal fibers of saan ana interossea tibiofibularis. B, speci 
men of supination-eversion fracture, stz age 3. J, surface of fracture at tuberculum 
anterius tibiae. 2, seat of the sac from the talocrural joint. 3, articular surface 
on medial malleolus. 4, flaky avulsion corresponding to the tibial insertion of 
ligamentum malleoli lateralis posterius et malleoli lateralis posterius distale. 5, 
detachment of periosteum to an extent corresponding to avulsion of large fragment 
from posterior lip of tibia. 6, surface of fracture on proximal fragment of oblique 
spiral fracture in distal end of fibula. 


approximately one fourth of the distal articular surface of the tibia, and 
the piece of articular surface of the fragment is practically of the same 
width medially and laterally. The fracture line in the articular surface 
runs to the dorsal corner of the medial malleolus. The fragment is 
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anchored to the lateral malleolar fragment by ligamenta malleoli lateralis 
posterius et malleoli posterius distale. 

The periosteum on the dorsal surface of the tibia is torn at the 
proximal corner of the avulsed fragment. 

According to the observations described, which have been made 
immediately before and during the fracturing of the dorsal lip of the 
tibia, this fracture must be regarded as produced partly by pressure 
from the talus against the dorsolateral corner of the distal surface of 
the tibia and against the dorsal lip of the tibia itself, which are the only 
structures resting on the talus at the moment when the fracture occurs, 
partly by pressure in a dorsomedial direction exercised against the dorsal 
and distal part of the tibia by the lateral malleolar fragment and partly 
by a pull in the proximodorsal direction exerted on the same portion of 
the tibia by the ligaments attached to the avulsed fragment. These 
three components all affect, each in its own way, the dorsal, distal part 
of the tibia at the moment of fracture, and however differently they affect 
this part of the bone, they will nevertheless all try to detach it from 
the rest of the tibia. 

It is emphasized that during the fracturing the foot is held 
dorsiflexed. 

The ligamentous pull and the pressure from the lateral malleolar 
fragment depend on the force by which the supinated foot is everted, 
while the force by which the talus tries to chip off the fragment from 
the dorsal lip of the tibia is determined by the pressure which is trans- 
mitted to the talus through the tibia. The form and size of the fragment 
depend on these two components and must be presumed to be variable 
and dependent on the relatively greater effect of one or the other com- 
ponent and on the nature of the bony tissue. 

Stage 4: When this fracture has been produced, the eversion of 
the foot can be continued to a considerable degree without any resistance 
worth mentioning until the axis of the foot forms a right angle with the 
sagittal plane through the crus. The lateral subluxation of the talus is 
only immaterially increased, while the outward rotation of the talus in 
the malleolar fork around a vertical axis is greatly increased and the 
rotation of the talus around its own axis is also increased. The lateral 
malleolar fragment is moved farther dorsally and proximally under 
marked outward rotation and now also medially with a simultaneous 
proximal, dorsal and somewhat medial dislocation of the dorsal fragment 
of the lip of the tibia. During this dislocation, a dorsal subluxation of 
the talus will take place, so that it is now subluxated laterally and 
dorsally, rotated outward and turned into a valgus position. Medially 
the talus is still anchored to the intact deltoid ligament and the tip of 


the medial malleolus stands fast at the posterior part of the medial upper 
margin of the talus. 
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If the foot is kept in the vise unchanged and fixed in this position 
and the crus is moved laterally and forward by grasping the knee 
region, a fracture at the base of the medial malleolus and the adjacent 
part of the tibia is produced. The fracture is produced by bending as 
the medial malleolus, held fast by the deltoid ligament at its tip, is 
fractured across the dorsomedial corner of the trochlea tali (fig. 6). 

Anteriorly the fracture line commences at the base of the medial 
malleolus and runs in the articular surface in anterodorsal direction on 
the border between the articular surfaces of the medial malleolus and 
the distal end of the tibia. In the medial surface of the malleolus the 
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Fig. 6.—Supination-eversion fracture, stage 4. J, rupture of ligamentum mal- 
leoli lateralis anterius with a small bony avulsion from the insertion on the lateral 
malleolus. 2, rupture of ligamentum malleoli lateralis anterius with a small bony 
avulsion from the insertion at tuberculum anterius tibiae. 3, surface of the frac- 
ture in posterior lip of tibia. 4, ligamentum malleoli lateralis posterius intact. 5, 
surface of malleolar fragment of oblique spiral fracture in distal end of fibula. 6, 
surface of fracture of large triangular avulsion from posterius lip of tibia. 7, 
superior surface of trochlea tali. 8, surfaces of the fractures through the base 
of the medial malleolus and adjacent part of tibia. 9%, distal articular surface of 
tibia. 


fracture line has a slightly curved course in proximodorsal direction. 
he fractural surface of the tibia is slightly convex and looks downward 


and medially, while that of the medial malleolus is slightly concave and 


looks upward and laterally. The remaining part of the distal articular 


surface of the tibia is now a square, but greatly reduced in size. The 
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connection between the foot and the crus is loose, and at the moment 
of fracture of the medial malleolus total dorsal luxation of the talus 
occurs, by which the remaining part of the articular surface of the tibia 
will come to rest on the dorsal part of the collum and the caput tali, 
while the talus with both malleoli, which are still in normal ligamentous 
connection with each other, is displaced dorsally and a little proximally. 
The dorsal fragment of the lip of the tibia is also displaced dorsally and 
proximally. 

In this state of dislocation and luxation the talus, together with the 
malleoli, stands in a valgus position and is rotated outward, by which 
the medial malleolar fragment is carried forward and laterally, while 
the lateral malleolus is carried dorsally and medially. 

If the dorsal luxation is overcome, there is a possibility of an almost 
collective displacement of the talus together with both maileoli in lateral 
direction. The talus slides into valgus position, so that the medial 
edge of the foot looks downward, the lateral edge upward, the planta 
outward and the dorsum pedis a little inward; medial displacement will 
not occur because of the intact ligaments to the lateral malleolar frag- 
ment and the tendons of the muscles which run behind it from the crus 
to the foot. Anteriorly the joint capsule is torn almost completely, and 
the cavity of the talocrural joint is now widely open toward the soft 
parts for the whole extent of the joint. The foot is then attached to 
the crus only by the soft parts, muscles, tendons, nerves, vessels, 
interstitial tissue and skin. All ligaments which normally tie the foot to 
the crural bones are detached from them with larger or smaller frag- 
ments. Laterally this is brought about by detachment of the tibial 
insertion of the ligamentum malleoli lateralis anterius, by fracture 
through the distal part of the fibula and by avulsion of a large fragment 
from the posterior lip of the tibia; medially it is effected by fracture 
through the medial malleolus. 

Fractures have been produced by the mechanism described in 
eighteen amputated lower extremities. A few variations appeared in 
some of the experiments. 

Experiment 2: It was found that detachment of the ligamentum 
malleoli lateralis anterius had taken place with a shell-shaped avulsion 
at the site of insertion of the ligament on the anterior border of the 
lateral malleolus (fig. 4.4). Oblique spiral fracture as in experiment 1 
was produced. Instead of a large avulsion from the posterior lip of the 
tibia there were a shell-shaped avulsion of bone from the dorsolateral 


corner of the tibia, a similar avulsion from its posterior lip and detach 


ment of the periosteum from the posterior surface of the tibia to an 
extent of 2.5 cm. proximally from the posterior lip (fig. 6). The deltoid 
ligament was detached from its insertion on the medial malleoius, a 
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bony shell being carried with it. Dorsal luxation of the talus was pos- 
sible after detachment of the deltoid ligament and not until then. 


Experiment 3: This consisted in detachment of the ligamentum 
malleoli lateralis, with a fragment the size of a hazelnut torn off at its 
insertion on the anterior border of the lateral malleolus. The other 
fractures were as stated in experiment 2 


Experiment 4: The ligamentum malleoli lateralis anterius was 
detached partly at its tibial, and partly at its malleolar insertion, with 
small granular avulsions. 

Experiment 7: The lower extremity used in the experiment came 
from an elderly patient who had been suffering from tuberculosis of the 
knee for some time. The bones were halisteretic, and arteriosclerosis of 
the arteries was seen. Eversion of the supinated foot was carried out by 
some force, and a fracture of the tibia occurred. 

Roentgenologic examination demonstrated that an oblique spiral 
fracture had been produced proximally in the distal half of the tibia. At 
dissection of the specimen a helical fracture line was found anteriorly 
and laterally in the tibia, corresponding to the roentgenologic finding, 
while posteriorly and medially it had an almost straight, slightly oblique 
course. 

Comment.—The summary of the stages of supination-eversion frac- 
tures produced is as follows: 

Stage 1 
Ligamentum malleoli lateralis anterius detached from tibia. 


Ligamentum malleoli lateralis anterius detached from lateral maDentins 
Ligamentum malleoli lateralis anterius detached from both 


Stage 2 
Oblique spiral fracture of distal end of fibula 


Stage 3 
Splitting-off of large fragment from tibia dorsally 
Avaislan of dorsolateral corner of tibia and of a bony rim sie ‘duet lip of tibis a 


Splitting-off of dorsolateral corner of tibia and of bony rim along dorsal lip of 
tibia plus detachment of periosteum on dorsal surface of tibia 


Stage 4 
Fracture of medial malleolus at base..... 


Avulsion of a bony rim at insertion of deltoid emia on eeltal malleolus... . 


Variant 


Oblique spiral fracture in distal half of tibia 


The lesion in the dorsal distal part of the tibia varied a little, but 
nevertheless there was invariably fracture in all cases, and in the cases 
which the fragment was not large there was found partly a small 
fragment and partly an avulsion of a bony rim plus detachment of the 
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periosteum from the tibia dorsally to an extent corresponding to a large 
fragment from the lip of the tibia. Therefore it presumably is justified 
to regard the lesion in these cases as being analogous to a large fragment 
torn off from the posterior lip of the tibia. It should particularly be 
noted that at the moment of production of this fracture the foot is 
dorsiflexed and that it is presumably produced by pressure from the talus 
against the posterior part of the distal surface of the tibia, by ligamentous 
pull and perhaps also by pressure from the lateral malleolar fragment 
against the distal part of the tibia. 

The fourth lesion was either fracture of the medial malleolus at the 
base or in the adjacent part of the tibia or detachment of the deltoid 
ligament together with a bony shell from the medial malleolus. These 
two lesions must be presumed to be analogous to the same traumatic 








Fig. 7.—Supination-eversion fracture, stage 4. Detachment of ligamentum 
malleoli lateralis anterius (not to be seen). Oblique spiral fracture in the fibula 
above the lateral malleolus. Fracture in the posterior lip of the tibia. Fracture 
in the basis of the medial malleolus. 


injuries which will produce one or the other according to the individual 
anatomic and physiologic conditions. 

By these experiments fractures are produced the sequence and 
pathologicoanatomic picture of which (apart from inessential variations ) 
are uniform. The experiments show that it is possible to produce frac- 
tures of the ankle in four stages by forced eversion of the supinated foot. 


As the supination position of the foot and the forced eversion move- 


ment of it are the two decisive factors of the mechanism of this type 


of fracture, it is designated supination-eversion fracture, stages 1, 2, 
3 and 4. 

The genetic roentgenologic picture is seen in figure 7. Data on 
genetic reduction will be given in a later paper. 
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ARCHIVES OF SURGERY 
PRONATION-ABDUCTION FRACTURE, STAGES 1 TO 3 

Mechanism of Fracture and Pathologic Anatomy.—The foot is 
fixed by nails near to the proximal phalanx of the great toe and at the 
dorsal medial part of the heel, so that the nail goes through the calcaneus 
without injuring the achilles tendon or the ligaments from the medial 
malleolus. The pronation of the foot is maintained by wedging up the 
lateral edge of the foot. 

The extremity is grasped at the knee joint region and the amputation 
stump of the femur. The crus is moved laterally and at the same time 
a little forward, and pressure is also exercised in the longitudinal 
direction of the crural bones. Vigorous tension of the deltoid ligament 
and some tightening of the ligamentum malleoli lateralis anterius occur. 

When the crus forms an angle of about 60 degrees with the support, 
a distinct crack is heard, indicating the occurrence of a fracture of 
the basal part of the medial malleolus, the fracture line of which runs 
almost horizontally (fig. 8). Now the crus may be moved farther still 
without any application of force worth mentioning until the angle is 
approximately 45 degrees. In this way the periosteum corresponding 
to the fracture of the movement, the periosteum corresponding to the 
fracture of the medial malleolus and the malleolus are dislocated distally 
and a little in a fibular direction, so that the fractural space becomes 
wide. 

Stage 2: If under increase of the pressure in the longitudinal direc 
tion of the bone the pressure on the crus in the same direction is 
continued, the angle between the crus and the support will be smaller 
still. When the applied force has reached a certain value, great tension 
of the ligamenta malleoli lateralis anterius et posterius et posterius 
distale is noticed, and these ligaments are detached, carrying with them 
a small bony flake anterolaterally from the tibia and a fragment the size 
of a hazelnut from the posterolateral corner of the tibia (stage 2, fig. 8). 
A small portion of the distal articular surface of the tibia is found on 
the dorsolateral fragment. If the force remains unchanged after the 
detachment, the membrana interossea, ligamentum cruciatum cruris 
and ligamentum interosseum tibiofibulare will stretch, as a result of 
which the distal end of the fibula and the lateral malleolus may be some- 
what displaced laterally, i.e., the width of the syndesmotic space may be 
increased. The talus will, to a certain extent, adopt a valgus position 
and be subluxated laterally. Simultaneously with the subluxation of the 


talus, a distal and lateral displacement of the medial malleolar fragment 
will take place. The subluxation and valgus position of the talus and 
the distal-lateral dislocation of the medial malleolar fragment will recede 


considerably, and the syndesmotic space becomes almost normal when 
the abduction pressure is discontinued. 
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Stage 3: If the crus is moved farther laterally from the position at 
which detachment of the ligaments from the tibia anterolaterally and 
dorsolaterally is produced, a sharp crack is heard once more, and a 
straight but oblique fracture in the distal end of the fibula occurs 0.5 
to 1 cm. above the distal articular surface of the tibia (fig. 8). The crus 
may now be moved farther laterally without application of great force 
until its longitudinal axis is almost parallel with the support. The frac- 
ture line in the fibula is not at all helical and runs medially and laterally 














8.—Pronation-abduction fracture, stage 3. J, surfaces of the fracture of 
the ential malleolus. 2, surfaces of the fracture in posterior lip of tibia. 3, large 
fragment torn from posterior lip of tibia. 4, ligamentum malleoli lateralis pos- 
terior distale intact. (Note its relation to fragment torn from tibia dorsolaterally.) 
5, ligamentum malleoli lateralis anterius with a bony avulsion from tibia. 6, 
rupture of ligamentum interosseum tibiofibulare distally. 7, oblique fracture of 
fibula 3 cm. above the articular space of the talocrurai joint. 


upward. The fracture commences a little above the space of the talo- 
crural joint in the part of the fibula covered by a small sac of the capsule 
of the joint. 

The fibular fracture is produced by bending. This will be understood 
when the circumstances in which it takes place are considered. When 
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the ligamentous detachment has taken place anterolaterally and postero- 
laterally, the abduction of the foot will affect the lateral malleolus in a 
lateral and proximal direction because of the nature of the articular 
surface involved, the more so because the ligaments which otherwise 
anchor the lateral malleolus to the tibia frontally and dorsally do not 
now retard the motion. That the fracture of the fibula occurs just above 
the lateral malleolus is explained by the fact that this part is not, as 
is the case with the more proximal part of the fibula, held on to the 
tibia by powerful structures such as the ligamentum interosseum tibio- 
fibulare, ligamentum transversum cruris and membrana _interossea 
cruris. These ligaments are intact after the production of the fracture. 
After the occurrence of the fibular fracture the valgus position of the 
talus will increase, as this bone is dislocated in a lateral direction together 
with both malleoli, with which it is in normal ligamentous connection. 

On examination of the posterolateral tibial fragment a small area of 
facies articularis distalis tibiae is seen, and the extent of the fragment 
along the posterior lip and the lateral surface of the tibia roughly cor- 
fesponds to the extent of the insertion of the ligamentum malleoli 
lateralis posterius distale. 

Experiment 2: Primarily an almost horizontal, transverse fracture 
in the basal part of the medial malleolus is produced, followed by detach- 
ment of the ligamentum malleoli lateralis anterius with avulsion of a 
bony flake anterolaterally from the tibia, detachment of the ligamentum 
malleoli lateralis posterius and ligamentum malleoli lateralis posterius 
distale with very small granular bony avulsions from the dorsolateral 
corner and dorsal lip of the tibia and, to a small extent, detachment of 
periosteum from the dorsal tibial surface proximal to the posterior lip. 

A third lesion, fibular fracture, occurs as in experiment 1. 

Experiment 3: The foot is placed and fixed as in the two previous 
experiments, and a fracture running horizontally in the dorsal part of 
the medial malleolus is produced according to the same mechanism. 
The specimen is then unfastened and fixed by the femur stump in a 
vise. The anterior part of the foot is pronated and abducted at the heel 
region, and at the same time a moderate eversion pressure is exercised 
on the tip of the foot. By application of comparatively great force, it 
is noticed that the space between the tibia and the fibula is somewhat 
increased, so that a finger may be pressed down between the two bones 
in front distally. The commenced movement, i.e., abduction and some 
eversion of the pronated foot, is continued, and with an audible crack 
a fracture of the distal end of the fibula occurs 2 cm. above the distal 
articular surface of the tibia. 


On dissection of the specimen the findings are, as in the two previous 
experiments, fracture of the basal part of the medial malleolus, detach- 
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ment of the ligamentum malleoli lateralis posterius distale and a rather 
oblique-running transverse fracture of the fibula from 1 to 3 cm. above 
the talocrural joint. There is a small intermediate fragment laterally 
at the fibular fracture (fig. 8). Besides, a rupture of the membrana 
interossea and the anterior part of the ligamentum interosseum tibio- 
fibulare to the extent of 2 cm. is seen. The ligamentum malleoli lateralis 
anterius and membrana interossea are detached from the tibia antero- 
laterally. The ligamenta malleoli lateralis posterius at posterius distale 
(transverse ligament) are found to be detached from the tibia, carrying 
a fragment the size of a hazelnut torn from the dorsolateral corner and 
dorsal lip of the tibia. 

This experiment shows that if the tip of the foot is everted at the 
same time that the foot in its entirety is subjected to forced abduction 
in pronated position after the primary fracture involving the base of 
the medial malleolus, a lesion is produced in the distal part of the liga- 
mentous connection between the tibia and the fibula which varies 
somewhat from that produced by abduction alone. The effect of the 
eversion of the foot is that, in addition to the detachment of the ligaments 
with the bony flake produced by abduction, a small detachment of the 
membrana interossea and ligamentum interosseum tibiofibulare occurs 
distally. The commencing detachment of these two interosseous struc- 
tures causes the bending fracture of the fibula to take place a little 
more proximally in this bone, as it is no more tied tightly to the tibia 


just proximal to the small sac of the capsule of the talocrural joint. 


Comment.—Fracture of the medial malleolus is produced in stage 1. 
Stage 2 consists in detachment of the ligamentum malleoli lateralis 
anterius, with a small fragment from the tibia anterolaterally, and 
detachment of the ligamentum malleoli lateralis posterius and liga- 
mentum malleoli lateralis posterius distale, with a larger fragment from 
the dorsolateral and dorsal lip of the tibia or with a corresponding 
detachment of the periosteum from the tibia dorsally. Oblique frac- 
ture with a characteristic course of the fracture line and characteristic 
localization occurs in stage 3. 

As the fracture is produced while the foot is pronated and in forced 
abduction, it is designated pronation-abduction fracture, stages 1, 2 
and 3. 

The genetic roentgenologic picture is seen in figure 9. Data on 
genetic reduction will be given in a later paper. 

PRONATION-EVERSION FRACTURE, STAGES 2 TO 4 

Mechanism of Fracture and Pathologic Anatomy.—It will be 
remembered that in the last of the series of experiments in which stage 3 


of pronation-abduction fracture was produced the anterior part of the 
foot was everted to a certain degree when the fracture of the foot took 
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place by forced abduction. It was found that in addition to the usual 
lesions the eversion produced an incipient detachment of the membrana 
interossea, the ligamentum transversum cruris and the ligamentum 
tibiofibulare interosseum distally, causing the fibular fracture to be 
situated more proximally than the fibular fractures produced by forced 
abduction alone. 

The object of the series of experiments to be described is to ascertain 
what lesions are produced by forced eversion of the pronated foot after 
the occurrence of pronation-abduction fracture, stage 1. 

The lower extremity is fixed by the amputation stump of the femur 
in a vise. With one hand the operator grasps the anterior part of the 
foot, which is pronated and then forcibly everted, while the other hand 
supports the heel to maintain the pronation. Pronounced tension is 








Fig. 9.—Pronation-abduction fracture, stage 3. Talus subluxated laterally and 
dorsally, and both malleoli dislocated with it. Note the oblique fractural surface 
on the proximal fibular fragment. The fibular fracture is seen indistinctly in the 
lateral view. 


now noted in ligamentum cruciatum, ligamentum malleoli lateralis 
anterius, membrana interossea and ligamentum interosseum tibiofibulare. 

If the eversion is gradually increased, detachment of the ligamentum 
malleoli lateralis anterius, ligamentum transversum cruris, membrana 
interossea and the greater part of the ligamentum interosseum tibio- 
fibulare will occur when it has reached a certain value (fig. 10). The 
dorsal bundles of the last ligament remain intact, however, and bind the 
fibula to the tibia in the normal way. By the detachment of the liga- 
mentum malleoli lateralis anterius and the membrana interossea a 
triangular bony flake is torn from the site of insertion on the tibia at a 
height of 2 to 3 cm. Above this the membrana interossea is detached 
with the periosteum from the anterior surface of the tibia to an extent of 
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approximately 6 to 7 cm. The space between the tibia and the fibula 
is greatly increased anteriorly, so that its width is approximately 2 cm. 
The cause of this separation is that the talus’ is subluxated laterally, 
turning around a vertical axis and its own longitudinal axis into valgus 
position, whereby the lateral malleolus is moved in a fibular direction, 

















Fig. 10.—Pronation-eversion fracture, stage 4. J, fracture in the medial malleo 
lus. 2, talus. 3, ligamentum talofibulare anterius intact. 4, ligamentum malleoli 
lateralis anterius detached with a bony avulsion from tuberculum anterius tibae. 
5, detachment of ligamentum interosseum tibiofibulare. 6, rupture of distal part 
of interosseous membrane. 7, fracture of fibula. 8, membrana interossea. 9, 
dorsal intact part of ligamentum interosseum tibiofibulare. 10, ligamenta malleoli 
lateralis posterius et posterius distale intact. JJ, ruptured part of ligamentum 
transversum cruris partly dissected and retracted. 12, fragment of dorsal lip of tibia. 


so that it is dislocated laterally and rotated outward. As the ligaments 
from the posterior surface of the lateral malleolus to the dorsal-distal 
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part of the tibia and the dorsal bundles of the ligamentum interosseum 
tibiofibulare are still intact and anchor the fibula to the tibia dorsally in 
the incisura fibularis tibiae, the outward rotation of the lateral malleolus 
and the distal end of the fibula will take place around these intact liga- 
ments as a hinge. The syndesmosis may be compared with a door which 
is widely open in front and has only a slit behind. The membrana 
interossea keeps the fibula in normal relationship to the tibia from 
approximately 7 cm. to the distal articular surface of the latter. 

The medial malleolar fragment will, owing to its taut, intact liga- 
mentous attachment, follow the movement of the talus, when the latter 
is subluxated laterally and rotated outward, and will therefore be 
dislocated distally and fibularly under the distal articular surface of 
the tibia. 

If the eversion is continued after this, while the pronation of the foot 
is still maintained merely by supporting the medial surface of the heel 
region, the talus will exercise an increasing pressure against the 
lateral malleolus in fibular and proximal directions. As already men- 
tioned in the section describing the last experiment of production of 
pronation-abduction fracture, the fact that the pressure will be exercised 
in these directions is due to the shape of the articular surface on the 
lateral side of the trochlea and the lateral malleolus. As the lateral 
malleolus and the distal part of the fibula are completely loosened from 
the tibia anteriorly by detachment of the said ligaments and as a 
certain rotation has taken place, because the anterior part of these 
bony parts are no longer attached to each other by the ligaments, the 
talus reaction will, when the eversion of the foot is continued, especially 
increase the torsion of the fibula around its longitudinal axis. However, 
this torsion will be unimpeded only to a certain point, as the membrana 
interossea and all the other components which try to keep the fibula 
in normal relationship to the tibia will prevent further rotation of the 
fibula. 

However, if the outward rotation of the foot is continued, the talus 
pressure will, when it has reached a certain value, cause the torsional 
tension in the fibula to be exceeded, so that this bone is fractured 
8 to 9 cm. above the tip of the lateral malleolus. The fracture of the 
fibula is found in the borderland between the “surgical neck’’ and the 
shaft of the fibula; the fracture line is somewhat oblique and twisted 
(fig. 10), slightly left handed and curved, but the fracture is short, 
only 1 cm. in length. It should be noted that the fracture occurs at the 
level at which rupture of the membrana interossea and ligamentum 
interosseum tibiofibulare ceases and at which the septum for the 
musculus tibialis posticus passes from the medial crest to the dorsal sur- 
face of the membrana interossea. Furthermore, the fracture is found 
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between the ellipsoidal “surgical neck” and the more cristate shaft. 
Although the fracture is produced by torsion, its line is only slightly 
helical, which must be supposed to be due to the anatomic structure of 
the bone in the borderland between the “neck” and the shaft and to 
the insertion of the membrana interossea, fasciae and septums. In view 
of the observations on the course of the spiral fracture of the tibia 
recorded by Zuppinger, it seems to be reasonable to suppose that 
such factors may influence the spiral form and extent of a torsion 
fracture. Zuppinger showed that the vertical part of a spiral fracture 
produced by external rotation of the distal end of the tibia according 
to the structure of the bone would occur medially and anteriorly in the 
bone, as it also did in experiments with isolated tibias, and he showed 
that the clinical spiral fracture of the tibia produced by external rotation 
of the foot had a longitudinal fracture line dorsally in the bone, the expla- 
nation of which was that the insertion of powerful supporting bands 
laterally and dorsally on the tibia caused its rotation axis to shift. 

By continuation of the experiment it was found that after the occur- 
rence of the fibular fracture the foot may unresistingly be further 
everted. The talus is rotated outward and placed more in a valgus 
position and further subluxated. The malleolar fragment will also, to 
an increasing extent, be rotated outward, so that the space between 
the tibia and the fibula is increased until there is a considerable diastasis 
between the anterior borders of the tibia and the fibula. 

In this position the dorsolateral corner and the dorsal lip of the tibia 
will be the only parts of the distal articular surface which rest on the 
superior surface of the talus, which is now rotated considerably as 
compared with its normal position in the malleolar fork. 

If at that stage the eversion pressure is increased simultaneously 
with the application of pressure in a proximal direction against the planta 
in the heel region, a marked tension is noticed in the ligaments between 
the posterior part of the lateral malleolus and the dorsolateral corner 
and dorsal lip of the tibia. When the force has reached a certain degree, 
the ligamenta malleoli lateralis posterius et posterius distale (transverse 
ligament) are detached together with a small granular fragment corre- 
sponding to their insertion on the dorsolateral corner and the lateral 
half of the posterior lip of the tibia, and there is detachment of the 
periosteum of the posterior tibial surface corresponding to the insertion 


of the ligamentum malleoli lateralis posterius proximal to the posterior 
tibial lip (fig. 10). 

A lesion of the tibia is thus produced partly by pressure from the 
talus against the dorsolateral corner and the posterior lip of the 
tibia and partly by the pull exercised on the bony region by the ligaments 
attached to it. 
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Subsequent to the production of this lesion, further subluxation of 
the talus will appear laterally and, in turn, dorsal luxation of this bone, 
during which the lateral luxation will recede somewhat. The distal part 
of the lateral malleolar fragment will be dislocated laterally, dorsally and 
proximally, while the proximal end of the distal fibular fragment, by 
which it approaches the tibia, will be dislocated somewhat medially and 
anteriorly. In this position the distal and proximal fibular fragments 
will form an angle with each other opening backward and laterally. 

The dorsal bundles of the ligamentum interosseum tibiofibulare 
are still intact and act as a hinge, around which the malleolar fragment 
is turned and to some degree kept in contact with the tibia. The capsule 
of the ankle joint is almost entirely lacerated. 

After the occurrence of the fourth lesion the connection between the 
foot and the crural bones is loose, and the crus and foot are attached to 
each other only by the skin, fasciae, muscles, tendons, vessels, nerves 
and interstitial tissue. 


Experiments 2 and 3: ‘These were carried out as described in the 
preceding paragraphs. Oblique fracture of the fibula occurred 7 to 9.5 
cm, and 8 to 11.5 cm. respectively above the tip of the malleolus. 

The fourth lesion was avulsion of a fragment the size of a hazelnut 
from the dorsolateral corner of the tibia and of a narrow bony rim along 
the posterior tibial lip. The periosteum was loosened to a small extent 
on the dorsal surface of the tibia proximal to the posterior lip, but it 
did not rupture. 

Experiment 4+: The two first lesions were produced as in experi- 
ments 1 and 3. In this experiment the detachment of the membrana 
interossea tibiofibulare goes farther proximally than in the three pre- 
ceding ones, i.e., proximal to the borderland between the “surgical 
neck”’ and the shaft of the fibula and proximal to the strengthening of 
the septum dorsally in the membrana interossea. 

After these two lesions occurred the eversion pressure against the 
tip of the foot produced (when the distal part of the fibula was rotated 
outwardly) a rather oblique, slightly spiral fracture of the shaft of the 
fibula from 18 to 21 cm. above the tip of the malleolus and 20 cm. below 
the head of the fibula, i.e., almost at the middle of the bone (fig. 11). 

When the eversion pressure is increased, the lateral malleolus is 
dislocated and rotated outward dorsally and laterally, while the proximal 
end of the malleolar fragment is dislocated medially and anteriorly. 
The anterior diastasis between the tibia and the fibula becomes marked, 
and the talus is subluxated laterally to an increasing extent until the 
medial surface of the talus is just lateral to the fibular margin of the 
distal articular surface of the tibia. At this time the talus is luxated, 
while being displaced forward and upward into the space between the 
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tibia and the fibula, so that its superior surface is 1.5 cm. proximal to 
the distal articular surface of the tibia (fig. 11). 

This slight forward displacement of the talus must necessarily take 
place from central luxation upward between the tibia and the fibula, 
as the ligaments from the dorsal part of the lateral malleolus to the 














Fig. 11—Pronation-eversion fracture, stage 3, with central luxation of talus. 
(Distal part of the interosseous membrane and ligamentum transversum cruris 
removed. They were ruptured distally to an extent of 6 to 7 cm.) 1, anterior 
crest of fibula on proximal fragment. 2, anterior crest of fibula on distal frag 
ment. 3, rather oblique fracture a little below the middle of the fibula. 4, avulsion 
of the anterior and mesial part of ligamentum interosseum tibiofibulare. 5, detach- 
ment of interosseous membrance. 6, rupture of interosseous membrane. 7, oblique 
spiral fracture of fibula. 8, end of tibia which is somewhat distal to the superior 
surface of the talus. 9, space for the sac from the talocrural joint up between the 
tibia and the fibula. 10, anterior surface of tibia. JJ, incisura fibularis tibiae. 
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dorsal distal part of the tibia and the dorsal bundles of the ligamentum 
interosseum tibiofibulare remain intact. 

A necessary condition of the central luxation of the talus is that 
detachment of the membrana interossea occurs to a sufficiently great 
extent proximally so that the rotation and lateral displacement of the 
distal fibular fragment may take place to such a degree that a sufficient 
diastasis appears distally between the tibia and the fibula. Experimental 
production of the fracture clinically described by Dupuytren has taken 
place. 








Fig. 12.—A, pronation-eversion fracture, stage 4. Lateral subluxation and valgus 
position of talus. Fragment of the medial malleolus dislocated laterally and dis- 
tally. Widening of the syndesmotic space (pathologicoanatomically, 1.5 cm.). 
Fracture of the fibula 7 to 8 cm. above the point of the medial malleolus. B, 
dorsal subluxation of talus and small fragment torn from posterior lip of tibia. 
Fibular fracture is seen distinctly. 


Comment.—From these experiments it appears that the mechanism 
of fracture applied will produce four lesions in the ankle region and the 
fibula in a certain sequence. The first lesion is pronation-abduction 
fracture. The second lesion is detachment of the entire ligamentum 
malleoli lateralis anterius, rupture of the ligamentum transversum cruris 
and the membrana interossea to a considerable extent and detachment 
of the ligamentum interosseum tibiofibulare with the exception of its 


dorsal bundles. The third lesion is a more or less oblique or spiral 
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fracture of the fibula from more than 8 to 9 cm. above the tip of the 
malleolus. The localization of the fibular fracture depends on how far 
proximally the tibiofibular ligamentous attachments rupture and on how 
great the elasticity of these ligamentous systems is. If they are weak 
and rupture easily or if they possess an essential degree of elasticity, 
the fibula may rotate more freely and to a greater extent, so that in the 
end it is chiefly the ligamentous system at the proximal tibiofibular 
articulation which prevents further rotation. The consequence of this 
is that the site of the torsion fracture is as proximal as in the “anatomic 
neck” of the fibula, the bony resistance of which is less and which is 
nearest to the point of fixation (the proximal tibiofibular articulation). 
If the fracture is at about the middle of the bone or proximal to it, the 
distal fibular fragment may rotate and be dislocated so much that the 
separation between the tibia and the fibula may be large enough to 
give space to the talus, so that a central luxation takes place without 
rupture of the dorsal ligaments of the lateral malleolus and the dorsal 
bundles of the ligamentum interosseum tibiofibulare. The fourth lesion 
is detachment of the ligamentum malleoli lateralis posterius distale 
with a smaller or larger avulsion from the dorsolateral corner and the 
posterior lip of the tibia. As the pronation position of the foot and 
the forced eversion are the two main factors to which the occurrence of 
the three lesions is due, these fractures are designated pronation-eversion 
fractures, stages 2, 3 and 4. 


The genetic roentgenologic picture is seen in figure 12. Data on 


genetic reduction will be given in a later paper. In this paper it will 


be seen that fractures produced by experimental-surgical means and 
pathologically and roentgenologically classified correspond to the clinical 
fractures of the ankle, that the genetic roentgenologic diagnosis can be 
successfully made and that reduction can be performed so that the 
position of all the fragments will be anatomically correct. 
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HE ANESTHETIC management of surgical patients with 

hepatic damage is difficult and perplexing, particularly from the 
standpoint of postoperative and postanesthetic morbidity. While it 
is generally recognized that damage to the liver produced by certain 
anesthetic agents is simply one manifestation of an over-all metabolic 
depression and largely preventable by adequate oxygenation, careful 
preoperative attention to the vitamin K level and the carbohydrate and 
nitrogen balance,’ the question of specific hepatotoxicity must still be 
considered. In this regard attention has been focused on the barbitu- 
rates, since some of these drugs are detoxified in the liver? and have 
been known to produce prolonged toxicity in patients with damaged 
livers. Certain thiobarbiturates administered orally to animals over 
long periods have been shown by Kohn-Richards * to cause hepatic dam- 
age. Since thiopental sodium (pentothal sodium®) is a thiobarbiturate 
and earlier reports indicated prolonged narcosis in the presence of hepatic 
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disease,* it was decided to investigate the effect of anesthesia produced 
by the intravenous administration of this drug on the hepatic function 
of dogs after damage to the liver from chloroform. 

The demonstration of hepatic damage is a problem in itself. Because 
of the complexity of the various hepatic functions, laboratory tests do 
not always reflect the functional status of the liver, as pointed out by 
Allen.’ The cephalin-cholesterin flocculation, colloidal gold and hip- 
puric acid excretion tests are of such sensitivity as to preclude clinical 
significance occasionally. The prothrombin time, galactose tolerance, 
fractional plasma protein content, cholesterol and cholesterol ester levels 
and sulfobromophthalein excretion may be normal in the presence of 
severe hepatic disease. Thus it seems necessary to select several tests 
involving different functions and to make sure that at least one test 
shows abnormality only in the presence of real hepatic damage. Toward 
this end the prothrombin time, sulfobromophthalein excretion and serum 
bilirubin levels were thought to represent adequately the status of the 
liver. 

The site of detoxification of thiopental sodium was presumed to 
be the liver on the basis of the structural similarity to pentobarbital 
sodium, its oxygen analogue. Recently evidence has been presented 
suggesting that the liver has little or no part in the destruction or 
elimination of thiopental sodium. Scheifley and Higgins * demonstrated 
that partial hepatectomy in the rat had no significant effect on duration 
of thiopental sodium anesthesia, whereas the same procedure significantly 
prolonged pentobarbital sodium narcosis. Scheifley* concluded from 
these experiments and from the clinical experience of others that thio- 
pental sodium is a safe anesthetic to use in patients with disease of the 
liver. Masson and Beland,* employing a comparable technic, arrived at 
the same conclusion in regard to degradation of thiopental sodium. 


Dorfman and Goldbaum,* using tissue extraction methods, have shown 
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that thiopental sodium may be broken down by rabbit liver and kidney 
slices as well as by brain brei. They came to the conclusion that the 
kidney breaks down only the malonyl thiourea ring while the liver 
breaks down both the malonyl thiourea and malonyl urea rings. 


On the other hand, Shideman, Kelly and Adams ’° found that sub- 
total hepatectomy in rats produced significant prolongation of action 
of thiopental sodium, as did diversion of blood flow from the liver by 
the Eck fistula technic. They likewise noted prolongation of the effect 
of thiopental sodium in mice with hepatic damage caused by carbon 
tetrachloride. It is difficult to reconcile these diametrically opposed 
results, but it is probable that slight differences in methods, such as 
time elapsed between hepatectomy and administration of thiopental 
sodium, are responsible, as well as the difficulty of evaluating systemic 
effects in the absence of so much vital function. 


The use of hepatotoxins to determine the site of detoxification of 
barbiturates has likewise led to confusion. Using phosphorus as a 
toxic agent, Pratt and others '* showed differential recovery in rabbits 
from barbital and pentobarbital sodium; whereas Koppanyi, Dille and 
Linegar '* found accentuated narcotic effect from both barbital sodium 
and pentobarbital sodium in cats and rabbits with chloroform damage. 
This technic has definite limitations, because of the difficulty of con- 
trolling the dosage, the over-all systemic effects and the specific neuro- 
toxicity. Among other methods of producing hepatic damage is the 
dietary deficiency technic, but this is difficult to use in the average 
laboratory because of the prolonged meticulous feeding regimen required. 
Thus, it would appear that complete knowledge of the site of detoxifica- 
tion must remain indefinite, pending further investigation. 

In regard to specific damage to the liver produced by thiopental 
sodium, a similar state of confusion exists. Reynolds and others * 
reported definite focal necrosis in the liver of mice following adminis- 
tration of thiopental sodium for short periods and demonstrated a 
definite cumulative effect after repeated doses. Kohn-Richards and 
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Appel,'* however, found no histologic evidence of necrosis in mice livers 
after the use of 60 to 100 mg. per kilogram of the drug, though some 
transient fatty infiltration was noted, disappearing within one hundred 
and twenty hours. The amount of fat was reduced by pretreatment 
with glucose but was not affected by administration of oxygen. Unpub- 
lished work by Kohn-Richards * suggests the possibility of a cumulative 
effect of thiopental sodium administered orally to dogs over long periods, 
with unmistakable fatty degeneration of the liver. This is in agreement 
with the work of Gruhzit and others,’® who reported that chronic oral 
administration of thiobarbiturates produced toxic degeneration in the 
livers of dogs. In regard to carbohydrate utilization, Booker '® has 
shown the interruption of the normal glycogenic-glycogenolytic activity 
of the dog liver under prolonged thiopental sodium anesthesia. 

From the clinical point of view, the literature is again replete with 
contradictory accounts. Human jaundice as a complication of thiopental 
sodium anesthesia was reported in 2 patients by Phillips,’’ but no 
information was given on liver function tests before or after surgical 
intervention. Recovery was rapid and complete. Vaizey '* reported an 
instance of toxic jaundice following administration of thiopental sodium, 
but evidence was not conclusive that the anesthetic agent was responsible. 
After thiopental sodium anesthesia, Ruth and others’® observed no 
change in the icteric index and sulfobromophthalein excretion in a 
patient with massive cancer of the liver. Carraway ®° related that 100 
patients showed no impairment of liver function as indicated by the 
hippuric acid test after thiopental sodium-oxygen anesthesia. Thomas ™ 
observed no impairment of liver function in a patient subjected to 
thiopental sodium anesthesia on twenty-two different occasions over a 
period of six years. 


14. Kohn-Richards, R., and Appel, M.: The Barbiturates and the Liver, 
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The effect of surgical intervention on the liver function of patients 
has been reported by Schmidt, Unruh and Chesky,?* who found that 
after spinal anesthesia induced with procaine hydrochloride, ether anes- 
thesia and anesthesia induced with tribromoethanol solution (avertin®) 
hippuric acid tests revealed damage to the liver. Tagnon, Robbins and 
Nichols ** observed retention of sulfobromophthalein after surgery and 
concluded that the extent of the procedure determined the amount of 
retention. However, in a further breakdown of this data, some inter- 
esting observations may be made. In one of two different series of 
patients, classified according to the site or duration of the surgical pro- 
cedure, 9 out of 10 had significant changes in retention after thiopental 
sodium anesthesia, in contrast to 5 out of 10 after gas-oxygen-ether 
anesthesia. Likewise, there were marked changes in 6 out of 10 after 
thiopental sodium anesthesia, in contrast to 2 out of 10 after gas-oxygen- 
ether anesthesia. 


Even though the limitations of the hepatic damage technic were 
recognized, it was nevertheless thought that some information of value 
might be obtained by determining whether or not the recovery of liver 
function was retarded by additional administration of thiopental sodium. 
No attempt wgs made to determine the site of detoxification or to 
establish any toxic effect on the normal liver. The principal aim was 
to determine if thiopental sodium could be given safely in the presence 


of liver damage. 


EXPERIMENTAL METHODS 


Stock dogs of 8 to 12 Kg. in weight were used, with an initial total of 24 
animals subsequently reduced to 18 by infection or anesthetic death. As an initial 
control, thiopental sodium was administered on two occasions, forty-eight hours 
apart, followed in nine days by administration of chloroform and oxygen to produce 
damage to the liver. Then one group of 8 animals was given an additional dose 
of thiopental’ sodium two days later, with 10 animals being retained for controls. 
Another group of 6 dogs was given oxygen on all three occasions of thiopental 
sodium anesthesia, in order to determine the hypoxic effect of the respiratory 
depression of the drug. 

Thiopental sodium in 1 per cent solution was administered intravenously in a 
dose of 20 mg. per kilogram of body weight, which produced moderate surgical 
anesthesia. Chloroform-oxygen anesthesia was induced by the closed carbon dioxide 
absorption technic for one hour periods with an average dose of 0.96 cc. of chloro- 
form per kilogram of body weight. Initial chemical examinations of the blood, 
including prothrombin time, sulfobromophthalein excretion and serum bilirubin 
levels, were made and repeated each time before administration of thiopental 
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sodium, before chloroform-oxygen anesthesia and frequently thereafter until the 
prothrombin time returned to normal. 

Determinations of prothrombin time were made by the one stage method of 
Quick 2# using Maltine thromboplastin, of sulfobromophthalein excretion by the 
procedure of Rosenthal and White 25 (using 5 mg. of dye per kilogram of body 
weight) and of serum bilirubin levels by the Malloy and Evelyn technic.?¢ 


PRESENTATION OF DATA AND DISCUSSION 
Chart 1 presents the mean prothrombin time of the experimental 

and control groups. A slight initial depression occurred in the series 
of 16 dogs who underwent thiopental sodium® anesthesia without oxygen 
inhalation but not in the series of 6 dogs subjected to thiopental sodium- 
oxygen anesthesia. On the second day after chloroform and oxygen 
were given a profound drop in prothrombin time occurred in all dogs, but 
not until the fifth, sixth and seventh days was there a statistically sig- 
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Fig. 1.—Mean prothrombin time in per cent of normal control dog. White line— 

10 control dogs given pentothal sodium® twice without oxygen and then chloroform 
at the indicated time. Black line—6 dogs receiving pentothal sodium® twice without 
oxygen initially, followed by chloroform and an additional dose of pentothal 
sodium® without oxygen two days later. Broken line—6 dogs receiving pentothal 
sodium® twice with oxygen initially, followed by chloroform and an additional 
dose of pentothal sodium® with oxygen two days later. Variations between groups 
with and without oxygen are statistically significant on the seventeenth to twenty- 
first days, with marked delay in recovery following administration of pentothal 
sodium® without oxygen. 


nificant variation in the dogs given the third thiopental sodium injection 
without oxygen. In the control animals given no thiopental sodium and 
in the experimental group given thiopental sodium with oxygen, the pro 


24. Quick, A. J.: The Nature of the Bleeding in Jaundice, J. A. M. A. 
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26. Malloy, H. T., and Evelyn, K. A.: The Determination of Bilirubin with 
the Photoelectric Colorimeter, J. Biol. Chem. 119:481-490 (July) 1937. 
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thrombin time returned to normal on the sixth day after administration 
of chloroform, whereas in those subjected to the additional thiopental 
sodium anesthesia without oxygen it did not return to normal until the 
eighteenth day after administration of chloroform, Significance of 
variation was determined by the “‘t” test.27 Experimental error in the 
method was felt to be at a minimum, since all determinations were 
made by the same person, who had constant practice in this technic 
(W. M. E.). 

Chart 2 shows no sulfobromophthalein retention following the initial 
dose of thiopental sodium, but marked retention following chloroform- 
oxygen anesthesia, with ultimate recovery. The retention was not 
significantly greater but lasted a little longer in the experimental group 
in which thiopental sodium anesthesia was induced for the third time, 
even with oxygen. Two control dogs revealed a marked retention on 
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Fig. 2.—Mean sulfobromophthalein retention after thirty minutes. White line— 


6 control dogs given pentothal sodium® twice without oxygen initially, followed by 
chloroform. Black dots—6 dogs receiving pentothal sodium® twice without oxygen 
initially, followed by chloroform, and 1 additional dose of the drug without oxygen 
two days later. Broken line—6 dogs receiving pentothal sodium® twice with 
oxygen initially, followed by chloroform and one additional dose of the drug with 
oxygen two days later. A slight delay in the recovery of dogs receiving a third 
dose of pentothal sodium® is shown, but insufficient data are available to compare 
the recovery rate in relationship to the oxygen factor. 


the thirtieth day, accounting for the late rise in the curve. No explana- 
tion was apparent for this retention, but subsequent tests elicited normal 
reactions in these animals. 

Chart 3 shows no increase in the serum bilirubin levels during the 
initial thiopental sodium injection but a pronounced increase following 
the administration of chloroform. The experimental group given 


27. Fisher, R. A.: Tests of Significance of Means, Differences of Means and 
Regression Coefficients, in Statistical Methods for Research Workers, ed. 8, New 
York, G. E. Stechert & Company, 1941, chap. 5, pp. 112-167. 
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thiopental sodium without oxygen for the third time showed a higher 
level, but since no intermediate data were obtainable, the recovery rates 
cannot be compared. 

Since the serum bilirubin levels and sulfobromophthalein retention 
were considered merely as confirmatory evidence of the extent of involve- 
ment of the liver, they were not followed completely throughout the 
experiment as were the prothrombin times. 

Since it has been shown by Allen, Kable and Livingstone ** that 
the prothrombin time of chloroform-poisoned dogs will return to normal 


in five to seven days, despite ether, ethylene, nitrous oxide, divinyl 


ether and cyclopropane anesthesia administered with oxygen, the retarda- 
tion of recovery in the present study would appear to be due to hypoxia, 


resulting from respiratory depression from thiopental sodium. In this 


connection, interference with blood oxygen transport has been shown 
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Fig. 3.—Mean serum bilirubin in milligrams per hundred cubic centimeters. 
White line—6 control dogs given pentothal sodium® twice without oxygen initially, 
followed by chloroform. Black dots—6 dogs receiving pentothal sodium® twice 
without oxygen initially, followed by chloroform and one additional dose of the 
drug without oxygen two days later. Broken line—6 dogs receiving pentothal 
sodium® twice with oxygen initially, followed by chloroform, and one additional 
dose of the drug with oxygen two days later. A slightly more rapid drop in serum 
bilirubin levels appears in the pentothal- -oxygen group and a higher twenty-four- 
hour maximum is seen in the group receiving pentothal sodium® without oxygen. 


by Barton, Wicks and Livingstone,” who found an average decrease 

10.5 per cent in arterial oxygen saturation in dogs under thiopental 
sodium anesthesia. A comparable diminution of oxygen saturation in 
patients and experynental animals receiving thiopental sodium was 
28. Allen, J. G.; Kable, V., and Livingstone, H. M.: Effects of Anesthetic 
Agents on Prothrombin Concentrations in Experimental Animals, Anesth. & Analg. 
20: 156-159 (May-June) 1941. 

29. Barton, G. D.; Wicks, W. R., and Livingstone, H. M.: The Effect of 
Pentothal Alone and in Combination with Oxygen or Nitrous Oxide-oxygen on 
Arterial Blood Gases, Anesthesiology 7:505-517 (Sept.) 1946. 
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demonstrated by Penrod and Hegnauer,*® with approximately one-half 
of the depression due to inadequate respiratory exchange and the other 
half to hemodilution. 

The additional series of dogs given oxygen during the thiopental 
sodium anesthesia demonstrates that this hypoxic factor as reflected 
in impairment of liver function can be overcome by adequate oxygena- 
tion and hence is not due to a specific effect of thiopental sodium per se. 


SUMMARY 

No significant evidence of hepatic damage was produced by thiopental 
sodium (pentothal sodium®) alone in moderate dosage in normal dogs. 
Hepatic damage was experimentally produced in 24 dogs by administra- 
tion of chloroform and oxygen. At the time of maximum hepatic dysfunc- 
tion, 8 dogs were given thiopental sodium intravenously without oxygen 
and 6 dogs were given it intravenously with oxygen. The hepatic func- 
tion of all animals was then studied by daily prothrombin determinations 
until the return to normal. Initial, intermediate and final sulfobromo- 
phthalein retention and serum bilirubin levels were determined as an 
additional evaluation of hepatic damage and recovery. 

In the control dogs, who received no thiopental sodium after damage 
to the liver with chloroform, hepatic function returned to normal in six 
days as measured by prothrombin levels. Eight dogs given additional 
thiopental sodium intravenously without oxygen showed a retardation 
of four to twelve days in return of hepatic function, requiring ten to 
eighteen days for resumption of normal prothrombin levels. Six dogs 
given additional thiopental sodium intravenously with oxygen revealed 
no retardation of recovery of function and did not show the slight pre- 
liminary depression following initial administration of the drug. 

It is suggested that thiopental sodium employed intravenously in a 
given dosage in the presence of adequate oxygen does not retard recovery 
of hepatic function in a dog previously poisoned by one hour of chloro- 
form-oxygen anesthesia. 


30. Penrod, K. E., and Hegnauer, A. H.: The Effect of Pentothal Sodium on 
Blood Gas Transport, Am. J. Physiol. 153:81-86 (Sept.) 1948. 
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HEN intermittent pyloric obstruction is associated with a large, 

freely movable mass in the upper region of the abdomen, the 
congenital anomalies of this area must be remembered. Although 
duplications of the stomach are rare in occurrence, with only a small 
number having been reported in the literature, they should not be dis- 
regarded for practical purposes. The number that any surgeon will 
see will be few, but he should be cognizant of their existence, recognize 
them at the time of operation and know how to treat them, especially 
when they occur in adults. 

Duplications of the stomach may be intimately associated with the 
normal stomach or be removed from the area usually occupied by that 
organ. The walls of the cysts are complete or incomplete reproductions 
of the normal structure. When the duplication which is isolated from 
the organ is reproduced, the entire four layers of usual gastrointestinal 
wall may be found. If the duplication is in the wall of the main struc- 
ture, the serosa may be missing. The mucosa greatly resembles, but 
may not be an exact reproduction of, the original mucosa. The contents 
of the cyst may be of varied color and mucoid or serous. 

Evans ' expressed the opinion that intestinal duplication is a result 
of the formation of diverticula which may or may not retain their 
original connection with the lumen of the normal tract. These diverticula 
are to be sharply distinguished from Meckel’s diverticulum, which is a 
remnant of the omphalomesenteric duct. The work of Lewis and Thyng ? 
lends credence to the origin proposed by Evans. Lewis and Thyng 
found knoblike diverticula in the intestine of embryos of pigs} with 
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one or two diverticula occurring regularly in the region of the duodenum. 
With growth of the embryo the number of the diverticula are increased, 
the distribution being along the small intestine. These investigators 


also found diverticula in human embryos. The diverticulum may 


become pinched off from the lumen of the normal tract and develop its 
own lumen, with the cyst occupying any plane in the parent structure. 
Pedunculation may occur, or the cyst may occupy a position in or out of 
the mesentery more or less remote from the parent structure. The 
duplications which have been reported have varied considerably in size. 
The malformations have been reported as occurring at any age, so 
that advanced years are not a true barrier to a diagnosis of a congenital 
anomaly. The younger the patient, however, the more likely the 
prospect of finding a congenital lesion. 

The pediatric surgeons have emphasized the main symptomatology 
of the malformation. Symptoms are dependent on size, situation and 
degree of obstruction of the gastrointestinal tract. The tumor is usually 
palpable and rather mobile. Roentgenographic examination may be of 
aid in some cases. A correct preoperative diagnosis is rarely made. 
Treatment of the malformation is surgical. Ladd has emphasized the 
technical aspect which must involve resection of the area to which 
the cyst is attached. The blood supply to the normal portion of the 
gastrointestinal tract and the malformation may be the same. Dissection 
of the duplication from the normal area will destroy the blood supply 
of the latter. A line of cleavage is not found often between the cyst 
and normal tissue. 

The patient on whom details are given is interesting because of the 
age at which symptoms occurred, the previous operative procedures 
and the size of the malformation. 

\ 33 year old white man stated that he had been well until about three and a 
half years before being admitted to this hospital, when he sustained an abdominal 
injury for which laparotomy was necessary. The surgeon found a large, purplish 
red mass in the pancreas. Drains were placed down to the area, and the wound was 
closed. Convalescence from this operation was good. 

The patient was admitted to a second hospital, slightly more than a year after 
sustaining his pancreatic injury, for the repair of an indirect inguinal hernia on 
the right side. He stated at this time that he had had occasional attacks of nocturnal 
epigastric pain associated with vomiting. Intolerance to fatty foods was reported. 
Cholecystograms were made, but a normally functioning gallbladder was found. 
The hernia was repaired, and convalescence was uneventful. 

About four months later the patient was readmitted to the same hospital for 
exacerbation of the epigastric pain. Frequent attacks of vomiting were noted 
during the three to four days prior to his admission. 

An indefinite, moderately tender, epigastric mass which could be moved was 
reported by the examining physician. The remainder of the physical examination 
showed a normal condition 
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Roentgenographic examination of the stomach and the duodenum demonstrated 


a smooth, retrogastric mass about 8 cm. in diameter which impinged on the 
superior-posterior part of the antrum. The duodenum was normal in appearance, 
and 80 per cent gastric retention was found at the end of six hours. 


The obstruction produced by the pylorus of the stomach was treated, with good 
results. Surgical relief of the obstruction was indicated 


L&barotomy was performed, and the stomach and the transverse colon were 


reported to be densely adherent to the anterior abdominal wall and to one another. 
Exploration of the pancreas did not reveal pathologic changes there 


Gastrotomy 
was accomplished and the mucosa of the 


stomach visually examined. It was per- 


fectly smooth and not diseased. The incision was repaired, and the abdomen was 
closed. The postoperative diagnosis was obstruction of the pylorus of the stomach 


due to adhesions. 


Convalescence from this procedure was good. The patient became and remained 
asymptomatic. Roentgenographic examination of the stomach 
repeated during the postoperative period. Normal results were 
filling defect in the stomach, previously present, was not found, 


and duodenum was 
reported. The large 


and the barium was 
seen to leave the stomach immediately. 


Approximately two and a half years later he was admitted to this hospital with 
the chief complaint of vomiting after meals without epigastric distress. He had 


lost about 20 pounds (9.1 Kg.) in weight. A smooth, movable mass which was 


abou: 10 cm. in diameter and not tender was felt in the epigastrium. The remainder 
of the physical examination revealed no abnormalities. 

The clinical laboratory examinations also showed normal values. The roent- 
genogram of the thorax was normal. Roentgenographic examination of the stomach 
and duodenum revealed a constant deformity and narrowing of the prepyloric 
segment of the stomach (fig. 1). A small amount of barium was still present in 
the stomach at the end of four hours. 

A preoperative diagnosis of pancreatic or omental cyst was entertained, but the 
Laparotomy through an upper transverse incision was 
dore, with an unusual discovery Adhesions were 
abdomen 


diagnosis was not certain. 


dense throughout the entire 
After considerable dissection the stomach was delivered into the wound 
A cystic mass about 9 cm. in diameter was found extending from the anterior to 
the posterior wall of the stomach, directly under the pylorus, so that the normal 
pyloric channel was constricted from below. The 
serous fluid. A small incision was made in tl 


cyst contained about 50 cc. of 


1e stomach above the mass and the 


interior of the stomach palpated. The mucosa over the cyst was smooth, and a 


communication between the stomach and the cyst could not be demonstrated. The 
line of black silk sutures made elsewhere previously to close the gastrotomy opening 


was easily demonstrable immediately proximal to the mass. It was apparent that 
a congenital duplication of the stomach, producing intermittent and incomplete 
obstruction of the pylorus, was present. This situation was best handled by a 
partial gastrectomy which included the pyloric lesion. A moderate amount of 
difficulty was encountered in freeing the adhesions between the posterior wall of 
the stomach and the pancreas. The duodenum was closed in the routine manner, 

the stump of the duodenum was buried in the head of the pancreas. A partial 
gastrectomy was done 


The pathologist found a soft cyst about @ cn liameter in the distal portion 
I i 

of the stomach. The cyst occupied the entire anterior surface and extended to the 

posterior surtace When the stomach was pened the mucosa over the cyst was 
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redundant and the rugae were absent, but immediately about the cyst the rugae 
were well demonstrated. The cystic wall was hemorrhagically stained and smooth 
throughout. A cross section of the specimen revealed the cyst to have split the 
musculature of the stomach. It was lined in part with pyloric mucosa in which 
parietal cells were not found. The remainder was lined with granulation tissue 
of variable thickness. The mucosa lay on a disorderly arrangement of smooth 
muscle (fig. 2). Lymphocytes, plasma cells and eosinophils were seen about the 
wall of the cyst. The mucosa of the pylorus appeared normal. The split musculature 
of the stomach was atrophic as the periphery of the cyst was reached, 


Fig. 1.—Roentgenogram of the stomach showing the large filling defect in the 
pyloric area 


The immediate postoperative course was good. A moderate degree of pain 
was noted in the right upper quadrant of the abdomen, and an elevation of the 
temperature to an average of 102 F. was found later. 

During the succeeding days the suspicion that the patient had a collection of 
fluid under the right leaf of the diaphragm became more pronounced. Pain of 
moderately severe degree was present in the right upper quadrant of the abdomen, 
with radiation to the shoulder on the same side. Pain of slight degree was noted 
also along the eleventh and twelfth ribs on the right. The temperature was of the 


septic type. Fluoroscopy and roentgenography served to confirm the clinical 


suspicion. The diaphragm was restricted in excursion and definitely elevated. 
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The symptoms and signs seemed indicative of a subdiaphragmatic abscess on 
the right. More strength was lent to this impression, inasmuch as the sequence of 
events reported followed the gastric resection. 





Fig. 2.—Photomicrograph of the resected specimen showing normal area above 
and the duplication below. 


A portion of the twelfth rib was resected, and the subdiaphragmatic area was 


carefully explored. Purulent material was not found. A small opening was acci- 
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dentally made into the right pleural cavity, and a small amount of serous fluid was 
obtained from that space. The rent in the pleura was closed immediately. The 
exploratory wound was packed and left open. The fluid obtained proved to be 
sterile on aerobic and anaerobic cultures. 

Aspiration of the right pleural cavity yielded 350 cc. of serous fluid and 200 ce. 
of air. Repeated aspiration of the right pleural cavity was necessary. Examination 
of stained smears of sediment obtained from the pleural fluid did not show acid-fast 
bacilli. A specimen of the fluid was sent to the laboratory for inoculation into a 
guinea pig, as a suspicion of pleurisy with effusion on a tuberculous basis existed. 
The quantity of fluid in the right pleural cavity gradually decreased in amount, 
and the space became dry 

The posterior wound became dry and was therefore closed secondarily. Clini- 
cally and roentgenologically, it became apparent that a large collection of fluid was 
present under the right leaf of the diaphragm. An approach was made through an 
anterior subcostal incision, and a large amount of clear fluid was evacuated. The 
wound was left open, and on succeeding days smaller amounts of similar fluid were 
found to drain from this area. 

About three weeks after the provision of subcostal drainage, a firm mass, which 
reached 6 cm. in diameter, gradually appeared in the epigastrium. A _ fistula 
developed over this area, and a clear fluid drained from the site. The subcostal 
wound gradually healed, and the mass disappeared. 

\nalysis of the fluid confirmed the suspicion that a pancreatic fistula was 
present. The quantity of fluid obtained from the fistula varied considerably in 
amount from day to day. It was about this time that tubercle bacilli were reported 
as being present in the pleural fluid as a result of the guinea pig inoculation 
Curiosity as to a tuberculous pancreatic fistula was aroused, and a specimen of 
pancreatic fluid was submitted for a similar examination, but tubercle bacilli 
were not found. 

Subsidence of pancreatic drainage was associated with loss of appetite, epigastric 
distress, nausea and vomiting. Symptoms were relieved completely by dilation 
of the fistula and production of a free flow of fluid. Opportunity was afforded to 
study the effect of various substances on the flow of pancreatic juice from the 
fistula. The results of these studies will be reported in detail elsewhere. 

Che skin of the abdominal wall became somewhat reddened but not excoriated 
\ small catheter was placed into the fistula and constant suction provided. This 
served to keep the skin in excellent condition. Additional help in maintaining 
the skin in a proper state was provided by the application of a solution of 1 per 
cent acetic acid to the affected area 

Improvement in general condition was steady and marked. Spontaneous closure 
of the pancreatic fistula did not occur, even after the patient had had a prolonged 
period of normal metabolic balance. Therefore, a decision to close the fistula 
surgically was made 

Laparotomy was done through an upper abdominal transverse incision. An 
elliptic incision was made about the fistula which was followed through dense 
scar tissue to the anterior-inferior portion of the head of the pancreas. When 


complete separation of the fistula from the fibrotic areas was achieved, a tract about 


1.5 em. in length and 0.3 cm. in width connected with the head of the pancreas 


was found. Further examination revealed a raw area of pancreas about 1 cm. in 
diameter in the body, containing multiple small fistulas to the left of the main 


tract. Owing to the numfiér of fistulas present, the thinness of the wall of the 
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main tract and the amount of fibrosis, it was technically impossible to implant the 
fistulas into the stomach or the jejunum. The main tract was triply ligated, and 
the raw area was sutured, with black silk used for both. The abdomen was closed 
without drainage. 

The patient complained of moderate epigastric pain during the first four post- 
operative days, during which the wound remained dry. On the fifth day there 
was drainage of a small amount, which continued for about fourteen days. At this 
time the quantity of drainage decreased markedly, and the secretion changed in 
character from a thin serous fluid to a thick greenish exudate. Closure of the 
pancreatic fistula occurred finally. 


SUMMARY 


Operation was performed for a duplication of the stomach in a 33 
year old white man. The patient had undergone two previous surgical 
procedures. The postoperative course was complicated by tuberculous 
pleurisy with effusion, a subdiaphragmatic collection of fluid and a 


pancreatic fistula. A complete recovery from the original difficulty and 


the complications ensued. 








PERICARDIAL CELOMIC CYSTS 


Review of the Literature and Report of a Case 


ROBERT A. BUYERS, M.D. 
AND 
FREDERIC B. EMERY, M.D. 
DES MOINES, IOWA 


ARIOUS types of mediastinal and pericardial cysts have been 

described and reviewed in the literature. However, Lambert * was 
first to offer a simple embryologic explanation of the pericardial celomic 
cyst, which served to correlate all the conflicting and confusing data on 
thin-walled cystic lesions of the anterior mediastinum. 

The following presentation illustrates an interesting case of peri- 
cardial celomic cyst treated successfully by surgical excision. 


REPORT OF CASE 

M. R., a 31 year old white man, was admitted to the Veterans Administration 
Hospital, Des Moines, Iowa, on May 18, 1948. In February 1946 a routine roent- 
genogram of the chest had disclosed a well circumscribed mass present in the left 
lower pulmonary field. A diaphragmatic hernia was suspected, inasmuch as there 
were no pulmonary symptoms, but roentgenograms of the gastrointestinal tract 
failed to substantiate such a diagnosis. During the ensuing two year period repeated 
roentgenograms of the chest showed essentially no change in the size or configura- 
tion of the mass, and the patient continued to enjoy good health. He had no pain 
in the chest, cough or hemoptysis and had maintained his normal weight. Roent- 
genograms of the chest taken on his admission to the hospital (fig. 1) revealed a 
well circumscribed mass located immediately above the left side of the diaphragm 
and adjacent to the anterior thoracic wall. The possibilities of a pericardial celomic 
cyst or a dermoid tumor were considered by the roentgenologist, inasmuch as 
gastrointestinal studies had precluded the existence of a diaphragmatic hernia. 
Routine laboratory tests showed normal values, and a serologic test gave a 
wgative reaction. An exploratory thoracotomy was felt to be justified and was 
performed on May 21, 1948, by Ralph A. Dorner, M.D., attending thoracic surgeon. 

Operative Findings.—The lett seventh rib was resected and the thorax entered 
\ thim-walled translucent cyst measuring 10 by 10 by 6 cm. was found attached 
by a pedicle of thick fibrous tissue to the apex of the pericardium. The pedicle 
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Fig. 2.—A, gross surgical specimen. B, microscopic section (x 200) of the 
cyst wall. 
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contained a few small blood vessels and was clamped and ligated, the cyst being 
freed from its attachment to the pericardium. There were no adhesions or points 
of attachment of the cyst to any of the surrounding structures. 

Pathologic Process —The cyst (fig. 2.4) weighed 180 Gm. The wall was thin 
and translucent and in some portions was covered by fatty tissue containing small 
blood vessels. The cyst was unilocular and contained clear, slightly yellowish fluid 
having a specific gravity of 1.004. The total protein content of the fluid was 250 
mg. per hundred cubic centimeters, with an increase in globulin, and the cell count 
was 33. The internal surface of the cyst was smooth and glistening except for 
two small areas of thickening where blood vessels appeared to converge. 

Microscopically the cyst lining consisted of a single layer of flattened mesothelial 
type of cells resting on a thin layer of dense connective tissue (fig. 2B). Periph- 
erally the stroma consisted of loose connective tissue containing numerous vascular 
spaces, some areolar tissue, scattered lymphocytes and large mononuclear cells. 

Pathologic Diagnosis—The diagnosis was pericardial celomic cyst. 

Postoperative Course.—The patient’s postoperative course was smooth and 
uneventful. He was discharged asymptomatic from the hospital on the tenth day. 


COM MENT 


Numerous reports of cystic lesions of the anterior mediastinum which 
are intimately associated with the pericardium were reviewed by Leahy 
and Culver.? These cysts are usually unilocular and simple in structure. 
Lined by a thin layer of mesothelium, they peel readily from surrounding 
structures. The fluid is clear or sanguineous.* 

The embryologic explanation of pericardial celomic cysts is based 
on a study of the development of the pericardium.'| The pericardium 
originates from a series of lacunas which ultimately enlarge and coalesce 
to form the pericardial celom. Failure of the primitive lacunas to 
merge could well result in an independent cavity. Such a cyst is 
designated by Lambert as a pericardial celomic cyst. By the same token, 
inequality in rate of development of one of the lacunas could result in 
the formation of a true congenital diverticulum of the pericardium. 

Pericardial celomic cysts must be differentiated from all other cysts 
or masses in the anterior mediastinum. From the roentgenologic and 


clinical aspect they are often indistinguishable, and the diagnosis can 


be made only from gross and pathologic findings. However, multiple 
’ ; ] 5 5s 


cysts of the pericardium may be associated with inflammation, as in 
chronic adhesive pericarditis or organized fibrinous pericarditis.* Calci 
fied blood cysts of the pericardium have been reported after trauma.° 


2. Leahy, L. J., and Culver, G. J Pericardial Coelomic Cyst, J. Thoracic 
Surg. 16:695, 1947 

3. Lam, C. R.: Pericardial Celomic Cysts, Radiology 48:239, 1947. 

4. Tracy, F. | Calcified Cyst of the Pericardium, Connecticut State M. | 
2103, 1942 


5. Wright. A. D.: Calcified Cyst of the Pericardium, Brit. J. Surg. 23:612, 
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An excellent review of cysts and cystic tumors of the mediastinum has 
been given by Laipply.*° Eight types of congenital cysts are listed: 
epidermoid, dermoid, teratoid, bronchial, esophageal, gastroenteric, 
cystic lymphangioma and finally the pericardial celomic cyst. In addi- 
tion to these the parasitic cysts, notably echinococcus, must be con- 
sidered in any differential diagnosis. 

Of particular interest in the discussion of pericardial celomic cysts 
is a consideration of cysts which are derived from embryonal rests. 
Cysts arising from the primitive respiratory bronchial bud are identified 
by their walls of cartilage, smooth muscle, mucous glands and ciliated 
epithelium. The gastroenteric cysts have walls containing smooth 
muscle fibers, mucous glands and columnar epithelium. The dermoid 
and teratoid cysts are readily identified by their distinctive elements, 
such as hair, bone and cartilage. Often more difficult to distinguish 
from the pericardial celomic cyst are the lymphangiomas, which micro- 
scopically display the same type of flat mesothelial cell lining. In con- 
trast, however, the lymphangiomas are multilocular and, as pointed out 
by Lambert,! are adherent and even “intimately incorporated” with 
surrounding structures, often giving the impression of a neoplasm. 


SUMMARY 

A case of pericardial celomic cyst is reported in which satisfactory 
results followed surgical treatment. “The embryologic and pathologic 
factors and the differential diagnosis of cysts of the anterior mediastinum 
are reviewed. 

The roentgenologic interpretations were made by C. A. Voelker, M.D., and 
the pathologic diagnosis by K. R. Cross, M.D., of this hospital. 


6. Laipply, T. C.: Cysts and Cystic Tumors of the Mediastinum, Arch. Path 
$39:153 (March) 1945 








ANAL FISTULECTOMY 


CARRUTH J. WAGNER, M.D. 
SAN FRANCISCO 


S PORADICALLY, reports appear in the literature advocating 
excision and primary closure of anal fistulas. Although immediate 
postoperative results are good, there have been no reports of large 
series followed long enough to evaluate adequately such an operative 
procedure. On the other hand, in a study of 58 recurrent fistulas 72.8 
per cent of the patients (42) gave a history of primary suture of the 
wound at the time of the initial operation. The purpose of this paper 
is to review the results of operation on 122 anal fistulas over a two year 
period prior to July 1944 by the technic that was in vogue at the time 
of Hippocrates. 

The basic cause of anal fistula remains in doubt. Although constipa- 
tion, hard stools, cryptitis and poor hygiene have been incriminated, a 
careful study of a large series reveals that the majority of patients have 
no anal symptoms prior to the sudden development of a perianal abscess, 
its drainage and the subsequent occurrence of a fistula. Because most 
internal openings are found within the anal crypts, it is natural to 
suspect them as the primary site of origin. Ordinarily, however, the 
crypt thus individualized exhibits no gross change differentiating it from 
its uninvolved fellow. Lockhart-Mummery, whose experience is vast, 
suggests the blind aberrant intramuscular glands as the probable site of 
origin, Likewise lacking adequate explanation is why some perianal 
abscesses heal spontaneously after drainage and others just as readily 
form fistulas. Only by further study can the basis of the formation of 
anal fistula be discovered and its prophylaxis devised. 

Little need be said regarding the symptoms of anal fistula. After 
the perianal abscess has subsided and the fistula is well established, the 
patient suffers little ill effects other than staining of the underclothing 
and, because nature constantly strives to close the unnatural tract, 
intermitient pain, swelling and recurrent abscess formation. Because 
of this attempt at healing, with resultant obstruction of the external 
opening, the fistula, left to its own devices without surgical intervention, 
tends to peregrinate, with the formation of multiple openings and, more 
important, scarring of the anal sphincter. The diagnosis of anal fistula 
usually offers no problem, but it is surprising how often the external 
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opening can be overlooked. This is particularly true when the perianal 
skin is redundant or external hemorrhoids are prominent. A useful 
method of examination is to encircle the sphincter with the finger tip. 
rhe indurated tract of the fistula is readily palpated and the external 
opening then easily found. One should avoid attempting to demonstrate 
the internal opening with a probe. The tract passing through the 
sphincter is tortuous, because of the tone of the muscle, and unless this 
structure is relaxed the tract will be ruptured in an attempt to follow 
it to the anal mucosa. The probe may be passed as far as the sphincter 
to rule out a possible urinary fistula, but the internal opening may be 
allowed to lie undisturbed until the time of operation. 

One must not neglect a thorough anoscopic and sigmoidoscopic 
examination prior to advising surgical intervention. The presence of 
ulcerative colitis extending into the rectum contraindicates radical pro- 
cedures on the anus, as the wound is extremely slow to heal. Stricture 
above the anus may be associated with fistula formation, and a rectal 
carcinoma may be otherwise neglected, its symptoms being attributed 
to the fistula. One should also determine the size of the internal hemor- 
rhoids prior to extirpating the fistula. If these are large, they must be 
removed at the time the fistula is excised as the relaxation afforded by 
the proctotomy leads to their prolapse and thrombosis postoperatively, a 
distressing complication. 

OPERATIVE TECHNIC 

For the fistula to heal, the entire tract with its surrounding scar 
must be completely excised and a closed wound avoided. To accomplish 
this, all overlying tissue must be incised and healing from the bottom 
of the wound guaranteed. Further, all tracts must be excised, preferably 
at one operation. 

Preoperative care may be simple. A saline enema is given the night 
before operation to facilitate the procedure, and breakfast is withheld 
the next morning. The usual doses of a barbiturate, morphine and 
atropine are administered, and low spinal anesthesia is procured with 
the use of 20 to 30 mg. of pre caine hydrochloride. The patient is placed 
in a lithotomy position and draped, and the sphincter is dilated gently. A 
blunt probe is inserted into the external opening and is gently passed 
along the tract and through the internal opening, which usually is not 
difficult to find with the sphincter relaxed. Methylene blue is not 
required and often passes beyond the limits of the tract, spreading into 
the surrounding soft tissue. When this occurs, differentiation of normal 
and diseased tissue becomes impossible. 

If a single tract is present, the probe is brought perpendicular to 
the sphincter, and all intervening tissue between the probe and the anal 


mucosa is incised with the electrocautery. This provides perfect 








1008 ARCHIVES OF SURGERY 


hemostasis and aliows a careful excision of the wall of the fistula and 
its adjacent scar tissue. Crypts are then destroyed longitudinally, 
normal bands of mucosa being preserved between excisions. Papillae 
and large internal hemorrhoids that have a tendency to prolapse are 
also excised. A small strip of gauze, impregnated with nupercaine,® is 
inserted into the rectum along the tract and a pressure dressing applied. 

When multiple tracts are present or the sphincter has been previously 
incised, the age-old question of incontinence arises. A sphincter incised 
in cross section heals with a line scar regardless of the gap that initially 
results if healing and contraction of the scar are not interfered with. 
This is particularly true when the incision is in the midline, anteriorly 
or posteriorly, where the sphincter is anchored. With multiple 
incisions of the sphincter, particularly when made at the same operation, 
it is generally believed that the function of the:muscle as a sphincter 
ceases and is rarely regained. Because of the fear of incontinence, a 
fistula with multiple tracts and openings is usually inadequately treated 
and nothing much is accomplished by the operation. As a result, more 
tracts develop, and the end result is a destruction of the sphincter, with 
persistence of the fistula. 

Careful consideration, however, reveals that continence of the anal 
sphincter is purely relative. Liquid petrolatum slips by the snuggest of 
openings, and formed stools are controlled by the most inadequate 
sphincters. With each operation involving this structure, its ability to 
perform suffers. Yet, a patient with severe incontinence who is cured 
after one operation, regardless of how extensive it may have been, is 
rarely observed. Why does not incontinence of any significance result 
after the complete excision of multiple fistulous tracts, regardless of mul- 
tiple incisions of what apparently is the external sphincter? A review of 
the anatomy of the sphincter supplies the explanation. The external 
component consists of three rather distinct masses or bundles of muscle 
separated by well marked sheaths, one intimately attached to the levator 
ani and the other two disposed on each side, one externally and the 
other internally. What is usually considered a complete proctotomy is 
really an incision of this external bundle, and it is little wonder that 
incontinence does not result with two thirds of the sphincter remaining 
intact. Fortunately, anal fistulas rarely pass above the levator ani 
muscles, usually entering the rectum between the external and middle 
divisions of the external sphincter, so that it is rare that one finds it 
necessary to incise the entire external sphincter. The internal sphincter 
is an insignificant condensation of the circular muscle of the rectum and 
apparently has no importance in guarding the anal opening. If multiple 


fistulous tracts are to be successfully treated, they must be completely 


excised and the overlying tissue divided to allow healing to occur from 
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the depth of the wound. This must be done with no thought of the 
incontinence that might develop, or the result will be inadequate treat- 
ment, persistence or recurrence of the tracts, necessitating further surgical 
intervention, and inevitable incontinence. If incontinence develops after 
complete eradication of the fistula, it can then be dealt with by a fitting 
plastic procedure. Actually, its incidence must be extremely low. 
Postoperatively, the patient should be given a regular diet, and there 
should be as little disturbance of his normal habits as possible. After 
twenty-four hours the gauze wick may be discarded and a T binder 
substituted. Biweekly dilations are instituted to maintain the healing 
from the bottom of the wound and are continued until the wound is 
completely healed. Their neglect will result in a high incidence of recur- 
rence, as retraction of the cut ends of the sphincter allows the skin 
edges to overhang and they tend to reunite, thus reforming the fistulous 
tract. It will be observed that as the wound heals from the bottom out 


Taste 1.—Data on 122 Cases in Which Fistulectomy Was Performed 


Number of cases........ ecsee paviuisedscsousdusenteeududsaxessuss Gan 
Primary . 
Recurrené piven sais 

One pr us operation... . 
Two previous operations.................+.- 
More than two previous operations 

Average age... ‘ exknshincates anenenee 

Sex distribution: 
ae i “ Seda becent, ae 
Female ... 3 


Average duration until complete healing had occurred. 86 days 
DEE Scccnveoneences scienetusoees ee 
Longest ... 184 days 





the cut ends of the sphincter are brought closer together and continuity 
is reestablished with only a thin layer of intervening scar tissue. Pack- 
ing the wound open results in a shallow wound, and the separation is 
maintained. This will also result if the sphincter is cut in any other 
fashion than in cross section. Gentleness and the use of nupercaine® 
will overcome most of the discomfort of the dilatation. 

The duration of healing after fistulectomy performed in this manner 
will be necessarily long, the average duration in this series being eighty- 
six days. The patient, however, is comfortable during this time and 
able to return to his usual activities a few days postoperatively. A T 
binder should be used the first few weeks to prevent soiling, and then 
a small pad pinned to the inner surface of the underpants will suffice. 
The use of liquid petrolatum is best avoided as a formed stool acts as a 
physiologic dilation. 

The tables contain the results in this series of cases and are self 
explanatory. There have been no recurrences in a five year follow-up, 
and incontinence of sufficient degree to warrant an attempt at surgical 
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repair did not develop in any case. The absence of pruritus ani in the 
series postoperatively gives added support to the belief that cryptitis is 
of etiologic significance in this process. It is impossible to determine 
whether removal of the crypts has been a factor in preventing recurrent 
fistulous formation, as no control series was run. Cryptotomy was 
instituted primarily to seal off any internal openings that might have 
been overlooked otherwise. 


Tas_e 2.—Surgical Procedure 
Number of external openings: 


Three or more 
Incision of sphincter: 
Incomplete 





TABLE 3.—Postoperative 


Postoperative complication: 
Stricture (mucosal).......... 
Hemorrhage 
Infection 
I i vikncqennc none so hebdnenboe ese eestencenyses 
Pathologie examination of excised tissue: 
NONSPeeifle.....cccccccccccccccecccccsccece Sesh 000 vcard eneescsapeuee 119 
TUDEFCUIOUS. ........-cccccccccccccncseneeeesseresenss 
(Healing occurred in average time) 





TasLe 4.—Results of Fistulectomy 


Recurrences... . 

Condition of sphincter: 
Functionally normal.... 
Functionally adequate 
Adequate for formed stools only.. 
Inadequate 


SUMMARY 

A report of a five year follow-up of 122 anal fistulectomies is pre 
sented. Treatment consisted of simple excision of the tract or tracts, 
with division of all overlying tissue and careful postoperative care to 
insure healing of the wounds from the bottom out. Complete cryptotomy 
was performed in all cases, and large internal hemorrhoids were removed 
to prevent their prolapse as a result of the proctotomy. Postoperative 
function of the sphincter was related to the amount of operative trauma 
necessary to remove the fistula completely. In no case, however, was 
incontinence so severe as to require surgical repair of the sphincter. 





DUODENAL DIVERTICULA 
Report of Two Cases 


JOHN J. GREENLER, M.D. 
AND 


CHARLES N. CURTIS, M.D. 
SALEM, MASS. 


INCE Case* in 1913 first made the diagnosis of duodenal divertic- 

ulum in a patient by roentgenologic examination, various roentgen- 
ologists and pathologists have reported series of cases in efforts to 
determine the relative incidence of duodenal diverticula in the general 
population and in those having roentgenologic examinations of the 
gastrointestinal tract. Linsmayer * found 45 cases in a series of 1,367 
autopsies (3.3 per cent); Horton and Mueller,’ at the Mayo Clinic, 
found diverticula in 5 per cent of 216 consecutive autopsies. By 
totaling up the cases in five different series (Linsmayer,? Rosenthal,* 
Horton and Mueller,* Baldwin ® and Grant*), we find 81 diverticula 
in 1,825 autopsies (4.4 per cent). By a special technic of injecting 
paraffin into the duodenum, Grant at the University of Manitoba,, 
found 6 diverticula in 37 cadavers (16.2 per cent). Although Grant’s 
series is smaller than the others, it does indicate that the actual per- 
centage is higher than the over-all 4.4 per cent obtained when no 
special technic was used. 

The incidence of diverticula found on roentgenologic examination 
is much less frequent than that found at autopsies, even though the 
subjects are known to have gastrointestinal complaints. Incidences 
found in gastrointestinal examinations have been reported ranging from 
0.18 to 5.19 per cent. In a total of seven different roentgenologic 
series (Case, Andrews,’ Cryderman, Spriggs and Marxer,’ Edwards,° 
L. Case, J. T.: Duodenal Diverticula, Am. J. Roentgenol. 3:314, 1916. 

2. Linsmayer, J.: Duodenal Diverticula, Verhandl. d. deutsch. path. Gesellsch. 
17:445, 1914. 

3. Horton, B. T., and Mueller, S. C.: Duodenal Diverticula: An Anatomic 
Study, Arch. Surg. 26:1010 (June) 1933. 

4. Rosenthal, P.: Duodenal Diverticula, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
40:131, 1927. 

5. Baldwin, W. M.: Duodenal Diverticulum in Man, Anat. Rec. 5:121, 1911. 

6. Grant, J. C. B.: Duodenal Diverticula: Frequency and Age Incidence, 
Canad. M. A. J. 38:258 (Sept.) 1935. 

7. Andrews, E. W.: Duodenal Diverticula, J. A. M. A. 77:1309 (Oct. 22) 
1921, 

8. Spriggs, E. J., and Marxer, O. A.: Intestinal Diverticula, Brit. M. J. 
1:130 (Jan. 23) 1926. 

9. Edwards, H. C.: Diverticula of the Duodenum, Surg., Gynec. & Obst. 
60:946 (May) 1935. 
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Hershey,’® Weintraub and Tuggle*!) 312 diverticula were found in 
23,050 gastrointestinal examinations (1.4 per cent). Thus, from 
these figures we may conclude, even though it is difficult to compare 
incidences at autopsies and on roentgen examinations, that a great many 
duodenal diverticula are missed by the roentgenologist; in fact, prob- 
ably more are missed than are found. 

Duodenal diverticula are located usually in the second portion of 
the duodenum, on the concave side, close to the ampulla of Vater. Wein- 
traub and Tuggle, in a series of 349 cases of diverticulum, found that 
231 (66 per cent) arose from the inner border of the second portion 
of the duodenum, 49 (14 per cent) from the inner border of the third 
portion, 17 (5 per cent) from the outer border of the second portion, 
6 (1.7 per cent) from the inner border of the first portion, 3 from the 
outer border of the third portion and 1 from the outer border of the 
fourth portion. Duodenal diverticula usually occur singly, but two 
or more may occur together. There is, also, an incidental correlation 
between these and diverticula of the colon and also diaphragmatic 
hernias. 

The fact that duodenal diverticula are dynamic rather than static 
structures may well account for the discrepancy between the percentages 
found at autopsy and those found on roentgen examination and also 
for the well known fact that diverticula are frequently seen on one 
gastrointestinal examination but not on a second one. Weintraub and 
Tuggle told of an instance in which the diverticulum was not seen on 
either roentgenologic or fluoroscopic examination the first time but was 
seen by both methods on the third examination, which revealed a six 
hour retention in the picket. However, a fourth and fifth examina- 
tion failed to reveal the lesion. Thus, repeated gastrointestinal exami- 
nations are often necessary to disclose duodenal diverticula. 

In general, there are two varieties of duodenal diverticula: (1) 
the true diverticulum, which contains all the layers of the duodenum 
in its wall, and (2) the false diverticulum, which is actually a hernia- 
tion of the mucosa through the muscularis. The wall of a false divertic- 
ulum contains mucosa and serosa (if that portion of the duodenum 
from which it arises is peritonealized) but little or no muscularis. 
Diverticula may also be classified as “pseudo” or “genuine” diverticula. 
A pseudodiverticulum is not a real diverticulum but only a relative 
pocket, caused usually by ulcer scars and found almost always in the 
first portion of the duodenum. A genuine diverticulum is an actual 

10. Hershey, J.: Diverticula of the Duodenum, J. Missouri M. A. 39:134 
(May) 1942. 

11. Weintraub, S., and Tuggle, A.: Duodenal Diverticula, Radiology 36:297 
(March) 1941. 
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outpouching of a true or false variety beyond the normal limits of the 
duodenum. The majority of diverticula are of the false variety. The 
os is usually large, and obstruction of material within a diverticulum 
is rare. Diverticula are most commonly seen during the fifth, sixth 
and seventh decades of life.** The most probable cause of duodenal 
diverticula is that of lowered resistance in the duodenal wall, owing to 
the passage of small blood vessels through the muscularis. The basis 
for this theory is that most diverticula occur on the inner border of the 
duodenum, where most of the blood vessels enter the muscularis. In 
diverticulosis of the jejunum the diverticula are seen to appear alter- 
nately on either side of the mesenteric attachment, which is the same 
pattern by which the blood vessels enter the jejunum. Also, small 
hernial protrusions of the mucosa through the muscularis have actually 
been seen where these vessels pierce the muscularis. Other theories 
are the presence of pancreatic or fat tissue in such an area, which causes 
a weakening of the duodenal wall.** 

The symptoms of duodenal diverticula may come from inflamma- 
tion or distention of the sac, from inflammation of the surrounding 
structures or from/pressure exerted by the sac on adjacent tissues and 
organs. It must be stated, in the beginning, that there is no symptom 
or set of symptoms that are typical of duodenal diverticula; the sus- 
picion that the condition is present may be entertained in one’s mind, 
but certainly the diagnosis cannot be made from the symptoms alone. 
The most constant symptom is that of pain, usually dull and aching, 
located in the right lower portion of the epigastrium. The pain may 
last from minutes to several hours, it may or may not be related to 
meals and it is relieved more by taking belladonna than by taking food 
or alkali.'* Nausea is a common symptom and may occur in associa- 
tion with the pain or alone. Belching and a feeling of fulness are also 
common symptoms. An important point to try to elicit is a history of 
attacks of pain going back over several months or years, with relative 
freedom of symptoms in between. The condition usually seems to 
masquerade as one of the more common abdominal syndromes, inasmuch 
as the symptoms may follow a gastric, duodenal, pancreatic, biliary, 
intestinal or colonic pattern.’* The majority of patients are treated for 
peptic ulcer or disease of the gallbladder before the diagnosis of duodenal 
diverticulum is arrived at. 


12. Mahorner, H., and Kisner, W.: Diverticula of the Duodenum and Jejunum, 
Surg., Gynec. & Obst. 85:607 (Nov.) 1947. 

13. Kalfayan, B.: Duodenitis with Diverticulum and Ectopic Pancreatic Tissue, 
Arch. Path. 42:228 (Aug.) 1946. 

14. Alesen, L. A.: Duodenal Diverticula, M. Rec. 149:261 (April 19) 1939. 

15. Rankin, L. M.: Diverticula of the Duodenum, Am. J. Roentgenol. 47:584 
(April) 1942, 
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Of the various complications of duodenal diverticula, probably 
obstruction to the common bile duct and pancreatic duct are the most 
common. Large sacculations with poor emptying power are apt to 
cause pressure on an adjacent bile or pancreatic duct, resulting in 
acute or chronic obstruction to either or both of these structures. 
Ogilvie '® reported a case of a 69 year old man who had jaundice for 
nine weeks before he died; he had lost weight and had clay-colored 
stools and slight tenderness in the right portion of the epigastrium. 
The clinical diagnosis was that of carcinoma of the pancreas. Autopsy 
showed a diverticulum just above and medial to the ampulla, compres- 
sing the common bile duct and the pancreatic duct ; there was no evidence 
of tumor. Hare and Cattell ** told of a case in which, after a chole- 
cystectomy for supposed disease of the gallbladder, a cholangiogram was 
done by the injection of iodopyracet (diodrast*®) through a T tube; 
a dilated common duct was seen, and a diverticulum with a narrowed 
neck filled with the dye was lying across the common duct, causing 
obstruction at the point of entry into the duodenum. Obstruction of 
the pancreatic duct by diverticula sometimes is responsible for the 
development of acute pancreatitis. Obstruction to the duodenum itself 
has been reported. Diverticulitis is another serious complication of 
duodenal diverticula. The usual wide-mouthed character of the diver- 
ticula and the relative sterility of their contents tend to prevent the 
development of an inflammatory process; however, the paucity of 
muscular tissue in the sac and the fact that the ostiums are often con- 
cealed among the plicae circulares of the duodenum are factors in favor 
of it. A large false diverticulum with a narrow neck and little or 
no muscular tissue in its wall obviously would have great difficulty in 
emptying itself of its contents and thus would be more prone to cause 
diverticulitis than a small diverticulum with a wide neck and abundant 
muscular tissue in its walls. The inflammatory process may be localized 
in the diverticulum and stop before going on to perforation; the attacks 
may recur from time to time and presumably are the basis for 
the frequent history of recurring attacks of pain in the upper abdominal 
area going back over the course of months or years. 





\s with appendicitis, an inflamed diverticulum whose neck is 
obstructed, wholly or in part, may perforate into the retroperitoneal 
tissues, omental bursa, pancreas, duodenum or general peritoneal cavity. 
Perforation of a diverticulum will give symptoms of an acute condi- 
tion within the abdomen varying with the anatomic pathway of the 
perforation. Peridiverticulitis may occur as a result of spreading of the 
inflammatory process to the tissues surrounding the diverticulum; in 


16. Ogilvie, R.: Duodenal Diverticula and Their Complications, Brit. J. Surg. 
28:362 (Jan.) 1941. 

17. Hare, H. F., and Cattell, R. B.: Duodenal Diverticulum Simulating Gall 
Bladder Colic, S. Clin. North America 24:635 (June) 1944. 
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time, adhesions may form between the diverticulum and the surround- 
ing structures, such as the common bile duct or the transverse colon. 
Nicholson ** reported a case in which the patient had symptoms of 
obstructive jaundice for four and a half months before his death. A 
duodenal diverticulum had been demonstrated by roentgen examination 
on the medial side of the second portion of the duodenum, with a five 
hour retention; at autopsy the biliary tract was free of stones but was 
obstructed in the region of the diverticulum by firm fibrous adhesions 
which bound the bile duct to the duodenum. This patient probably 
had had peridiverticulitis, which accounted for the adhesions. Duode- 
nitis, cholangitis and malignant changes developing in diverticula have 
been reported but are rare. 

The only way of making an absolute diagnosis of duodenal diverticu- 
lum clinicaily is by roentgen examination. The history, together with 
tenderness in the lower right portion of the epigastrium, is strongly 
suggestive but not diagnostic. Most diverticula, probably 85 to 90 
per cent, are asymptomatic ; therefore, even if one is found on roentgen 
examination it still does not mean that the symptoms are due to the 
diverticulum. A cholecystogram should be made and a complete gastro- 
intestinal examination done to rule out other disease. If another cause 
is found to explain the symptoms, such as peptic ulcer or disease of the 
gallbladder, the symptoms are probably not due to the diverticulum. 
However, if residual pooling for three to six hours and tenderness 
over the diverticulum are found during the roentgenologic examina 
tion, the chances are much more that the given symptoms may be due 
to the diverticulum. 

Case '* in 1920 stated that if there is sufficient reason to justify a 
roentgen examination and in the course of the examination the only find- 
ing is a duodenal diverticulum the probability is that the patient's 
symptoms are due to the diverticulum. The diagnosis of a symptomatic 
duodenal diverticulum is virtually a diagnosis of exclusion. Only when 
all other causes have been ruled out in a patient who is having symptoms 
and in whom a duodenal diverticulum is the only abnormal finding can a 
diagnosis of a symptomatic diverticulum be made. 

Two unusual cases are presented: 

Case 1.—W. J., a 60 year old Polish man, was admitted to the First Surgical 
Service of the Salem Hospital on Oct. 4, 1947. (His knowledge of English was 
poor, and an interpreter had to be used.) His complaint was that of intermittent 
epigastric pain of about one year’s duration. The pain was confined to the epigas- 
trium and did not radiate. It was described as a “pressure pain” or a “sense of 
fulness.” Certain types of food, such as bacon or fatty foods, seemed to aggravate 


18. Nicholson, W.: Jaundice Produced by a Diverticulum of the Duodenum, 
Bull. Johns Hopkins Hosp. 56:305 (June) 1935. 

19. Case, J. T.: Diverticula of the Small Intestine, Other than Meckel’s Diver- 
ticulum, J. A. M. A. 75:1463 (Nov. 27) 1920. 
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it. Three weeks before his entry to the hospital the pain became more severe and 
more frequent. On the morning of entry it became so severe that he had difficulty 
walking and breathing. His bowel movements had been regular, but he had not 
noticed the color of the stools. He did notice that his urine had been darker than 
usual during the past three or four days. There had been no nausea, vomiting, 
loss of weight or previous jaundice. The family history and past history were 
noncontributory. A review of the systems revealed nothing beyond the aforemen- 
tioned findings. 

Physical examination revealed a well developed and well nourished white man, 
appearing his stated age of 60, in no acute distress. The blood pressure was 92 


Fig. 1.—Cholangiogram showing duodenal diverticulum. 


systolic and 60 diastolic, the temperature 103.2 F., the pulse rate 120 and the 
respiratory rate 20. The skin and scleras were slightly icteric. The head, neck 
and chest were normal. The patient complained of pain in his left shoulder when 
he breathed deeply during examination of the chest. The abdomen was flat, with 
slight generalized resistance. It was markedly tender in the midepigastrium, and 
there was moderate spasm in this region. The right upper quadrant was more 
tender than the left. The edge of the liver was not felt but was percussed 3 finger- 
breadths below the costal margin. No masses were palpable, and there was no 
edema of the extremities. Rectal examination revealed no abnormalities, and a 
glove specimen of feces was brown. 
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Laboratory studies gave the following values: red blood cells, 3,950,000; hemo- 
globin content, 13.3 Gm. (78 per cent) ; white blood cell count, 9,400 (with 80 per 
cent neutrophils, 9 per cent bands and 11 per cent small lymphocytes) ; nonprotein 
nitrogen, 43.5 mg. per hundred cubic centimeters; chlorides, 478 mg. per hundred 
cubic centimeters; serum protein, 5.0 Gm.; icterus index, 45; serum amylase, 16 
units; van den Bergh reaction, 0.80 mg. (direct) and 1.14 mg. (indirect) ; 
alkaline phosphatase, 12.6 units. The urine gave a positive reaction for urobilinogen 
in dilutions up to 1:16. The prothrombin time was 25 seconds/17 seconds (con- 
trol), which fell to 15.5 seconds/14.5 seconds after vitamin K was given. Bleeding 
and coagulation times were normal. The stools did not contain occult blood. A 


COMMON 


DUODENUM 


PANCREAS 


DIVERTICULUM AMPULLA OF 
VATER 


Fig. 2.—Sketch showing relationship of duodenal diverticulum to ampulla of 
Vater. 


flat plate roentgenogram of the abdomen disclosed no opaque calculi, but two suc- 
cessive cholecystograms showed a nonfunctioning gallbladder. 


His symptoms improved without specific treatment; the temperature fell to 
normal by the second day, and the icterus index dropped to 16 by the fifth day. 
It was felt that the picture was that of a transitory obstruction to the common bile 
duct and that an exploration of the common duct and cholecystectomy were 
indicated. 

On Oct. 17, 1947, a laparotomy was performed. The gallbladder was bound 
down to the duodenum and omentum with firm adhesions, but stones were not 
palpated. There was a palpable small 1.5 cm. swelling in the region of the ampulla 
of Vater. The common duct was explored, and a 9 mm. dilator easily passed the 
ampulla without any resistance. In view of this, the duodenum was not opened for 
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investigation ; a cholecystectomy was done and the wound closed, a T tube being left 
in the common duct. The postoperative course was good, and the patient remained 
free from icterus. A cholangiogram was done on October 23, which showed what 
was thought to be a polypoid tumor in the second portion of the duodenum, close 
to the ampulla (fig. 1). A barium study showed an extravasation of barium in the 
region of the head of the pancreas, which was interpreted as either (1) a tumor 
with necrosis, (2) abscess or (3) an unusual diverticulum. 

It was the general opinion now that the patient had a malignant tumor in the 
region of the head of the pancreas, and he was reexplored on Nov. 4, 1947, with 
the intent to do a one stage pancreaticoduodenal resection. A small, hard nodule 
was felt in the region of the sinus tract of the T tube; when the tract was opened, a 
brownish black calculus, 0.7 cm. in diameter, was removed. This time only a slight 
thickening could be felt in the region of the ampulla. The duodenum was opened, 
and a wide-mouthed diverticulum was seen passing beneath the head of the pancreas 
medially. The diverticulum measured approximately 3 cm. in diameter and was 
2.5 cm. in diameter at the neck. A probe was then passed through the sinus tract 
of the T tube into the common duct and down through the ampulla of Vater, 
which was found to be at the very base of the diverticulum (fig. 2). Because no 
tumor was found and since the diverticulum was not causing any symptoms and 
excision of it would have required an additional surgical procedure on the common 
duct, it was decided to leave it alone and to close the abdomen. The postoperative 
course was satisfactory, and the patient left the hospital on November 24, in good 
general condition, 

Case 2.—M. C., a 66 year old Finnish man, entered the Salem Hospital 
on Jan. 31, 1948, because of jaundice. About one month before his admission he 
had begun to feel poorly, lose his appetite and have vague distress and gas 
in the upper abdominal area. Two weeks before his admission he noticed the 
gradual onset of jaundice, light-colored stools and dark urine. His jaundice 
increased until his admission. He had had moderate anorexia over the past 
month and had lost, he estimated, 10 pounds (4.5 Kg.) of'body weight. There had 
been no nausea, vomiting or pain. Until the present illness, he had been entirely 
well. There was no significant family history. 

Physical Examination.—Physical examination revealed a lean, well developed 
white man in no discomfort. His skin and scleras were markedly icteric. The head, 
neck, lungs and heart were normal. The abdomen was soft and nontender. The 
spleen was not felt. The liver was firm and nontender and could be felt 3 finger- 
breadths below the right costal margin. There was a smoothly protuberant mass 
beneath the edge of the liver, which was taken to be the gallbladder. Rectal exami- 
nation was noncontributory. 

Laboratory Studies——On the patient's admission to the hospital mild anemia and 
leukopenia were present. The Hinton reaction was negative. The nonprotein 
nitrogen was 44; alkaline phosphatase, 35.5 units; blood sugar, 148 mg.; serum 
albumin, 2.72 Gm.; albumin-globulin ratio, 0.7: 1; chlorides, 396 mg.; icterus 
index, 130, with a total bilirubin level of 6.88 Gm., of which 3.39 Gm. was direct 
reacting. Sedimenation rate was 1.7 mm. per minute, and prothrombin time was 
17 seconds/16 seconds (control). Urinalysis showed a slight trace of albumin, a 
specific gravity of 1.025 and a positive reaction for urobilinogen only up to a 
dilution of 1:2. The urine also gave a strongly positive reaction for bile. On one 
occasion the stool gave a positive reaction to benzidine but a negative guaiac 
reaction; on four other occasions a negative reaction to both benzidine and guaiac 
was obtained. 
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Roentgenograms of the chest showed slight pulmonary fibrosis with emphysema. 
A barium enema demonstrated a normal colon. Studies of the stomach and 
duodenum revealed no abnormalities. 

Course in the Hospital—With a diagnosis of painless, obstructive jaundice, 
probably due to a tumor in the region of the head of the pancreas, the patient was 
operated on on Feb. 14, 1948. Exploration of the abdomen demonstrated a thick- 
ened, dilated common duct, with a firm tumor in the head of the pancreas in the 
region of the ampulla “the size of an English walnut.” On palpation the lesion was 
carcinomatous. The gallbladder was distended and tense. A pancreaticoduodenec- 








Fig. 3.—Microscopic section (x 8) showing cross section of duodenal diver- 
ticulum and common bile duct. 


tomy, including a subtotal gastrectomy and an end to end choledochojejunostomy, 
was carried out. 


Pathologic Examination.—Grossly the specimen consisted of a portion of 
duodenum and adjacent pancreatic tissue. When the duodenum was opened, a 
diverticulum 2.5 cm. in length and 1 cm. in diameter was noted lying within the 
substance of the pancreas and emptying into the duodenum | cm. below the ampulla 
on the side adjacent to the pancreas. Section through the pancreas showed the 
diverticulum lying adjacent to the common duct. The surrounding pancreatic tissue 
was dense and gray-white. The microscopic examination showed the same ana- 
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tomic arrangement found in the gross examination. The common duct and the 
diverticulum were surrounded by pancreatic tissue replaced by dense fibrous tissue, 
heavily infiltrated with chronic inflammatory cells (fig. 3). 

Postoperative Phase.—Postoperatively the patient recovered rapidly until the 
twelfth day, when he began to vomit a little blood. Barium study of the stomach 
revealed a gastrojejunal ulcer. The T tube was then clamped, and he was put on 
an Andresen diet with gelusil.® His bleeding stopped promptly, and he continued 
to recover rapidly. He had mild glycosuria from the twelfth to the eighteenth day, 
which was controlled by insulin. He was discharged on the thirty-seventh post- 
operative day feeling well. 

COMMENT 

Case 1 is of particular interest in that it demonstrates an unusual 
anatomic relationship of the ampulla of Vater to the diverticulum, 
that is, with the common bile duct entering the apex of the diverticulum. 
Diverticula adjacent to the ampulla are common; however, we have 
been unable to find in the literature any case with the common bile 
duct entering the apex of the diverticulum. At operation a mass was 
felt in the region of the ampulla of Vater, which was taken to be a 
malignant growth. The cholangiogram was interpreted as suggestive 
of a malignant process. For these reasons a second laparotomy was 
performed, with the intent to do a radical resection of the mass. For- 
tunately, the mass was identified as a duodenal diverticulum. This 
case illustrates the fact that a duodenal diverticulum may be mis- 
taken for a carcinoma in the region of the ampulla and should be kept 
in mind in the differential diagnosis of this condition. 

Case 2 demonstrates a typical case of obstructive jaundice inter- 
preted clinically as being due to malignant changes in the region of the 
head of the pancreas. Even at operation the chronic inflammatory mass 
felt “carcinomatous,” and for this reason a radical resection was per- 
formed. Laboratory tests indicated that there was no intrinsic disease 
of the liver. No calculi could be demonstrated in either the gallbladder 
or the extrahepatic bile ducts. Therefore, it is felt that the jaundice 
must have been due to inflammatory closure of the common bile duct 
secondary to inflammation of the adjacent diverticulum. Here again, 
this case illustrates the fact that a duodenal diverticulum can mas- 
querade as a carcinoma of the head of the pancreas, even to the 
production of obstructive jaundice. 


SUMMARY 


Two cases of duodenal diverticula simulating carcinoma of the head 


of the pancreas are presented, one with an unusual anatomic relationship 


between the diverticulum and the common bile duct and the other 
presenting obstructive jaundice due to the diverticulum. 





Surgical Clinics 


WEEKLY FRIDAY MORNING CONFERENCE 
Combined Surgical Staffs, Genesee and Strong Memorial Hospitals 


"ROCHESTER, N. Y. 


The regular Friday morning conference between the surgical staffs of the 
Genesee and Strong Memorial Hospitals, teaching hospitals of the University 
of Rochester School of Medicine and Dentistry, Rochester, N. Y., convened in 
the Educational Building of the Genesee Hospital at 8:30 on Friday morning, 
April 29, 1949, Dr. Samuel J. Stabins, surgeon-in-chief of the Genesee Hospital, 
presiding. 

Dr. SAMUEL J. Stapins: This is the usual Friday morning conference 
between the Genesee Hospital’s and the Strong Memorial Hospital's surgical 
staffs, with the exception that this morning’s proceedings will be recorded. The 
first case will be presented by Dr. Sandrock (junior assistant surgical resident). 

Dr. Epwarp Sanprock: A 60 year old white man was admitted to the Gene- 
see Hospital on March 30, 1949, with a long-standing history of peptic ulcer. In 
1934, he underwent a posterior gastroenterostomy and appendectomy at another 
hospital because of pain and vomiting. He was then asymptomatic until July 
1947, when symptoms of ulcer returned. On Oct. 21, 1947, after drinking beer, 
he was seized with sudden abdominal pain and was admitted to the emergency 
room of this hospital some two and a half hours later. On examination he had 
the signs and symptoms of acute generalized peritonitis. Free air was demon- 
strated on roentgenologic examination of the abdomen, and there was a white 
blood cell count of 14,800. He was promptly taken to the operating room, where 
laparotomy revealed perforation of a peptic ulcer. There was a difference of 
opinion at that time as to the location of the ulcer. One observer believed the 
perforation to be in the duodenum, with marked scarring and deformity of the 
area, while another described the ulcer as being in the stomach, 3 to 4 cm. 
proximal to the pylorus. Suspicion of a malignant growth was not entertained, 
and the ulcer was closed without biopsy being performed. The patient recovered 
ureventfully. 

After recovery from his acute episode a gastrointestinal series of roentgenograms 
was reported as showing a normal stomach, deformity of the duodenal region 
and a functioning gastroenterostomy opening. Gastric analysis showed maxi- 
mum values, as follows: (1) after histamine, 34 degrees of free acid and 94 
degrees of total acid; (2) one hour and fifteen minutes after administration of 
15 units of insulin, 124 degrees of free acid and 134 degrees of total acid; (3) 
night volume of 600 cc., 26 degrees of free acid. 

On Nov. 11, 1947, (three weeks after perforation) a transthoracic vagotomy 
was performed. The postoperative course was uneventful, and two weeks after 
operation the night secretion showed no free acid and 24 degrees of total acid. 
After administration of histamine there was 23.8 degrees of free acid and 42 
degrees of total acid. Two months after vagotomy, insulin gastric analysis 
revealed no free acid and a total acid value of 46 degrees. 

The patient was admitted sixteen months later, on March 30, 1949, with 
hematemesis of two days’ duration. He had noticed epigastric pain and tarry 
stools for some two weeks previously. He appeared well nourished but was in 
mild shock, with a blood pressure of 100 systolic and 50 diastolic, and vomiting 
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bright red blood. A large epigastric movable mass was noted which was mod- 
erately tender. The hemoglobin content was 7.5 Gm. He was treated with 
multiple transfusions, and after a few days he had no more hematemesis but con- 
sistently guaiac-positive stools. Gastric analysis revealed no free acid with or 
without insulin, and a series of gastrointestinal roentgenograms revealed little 
emptying of the stomach. A diagnosis of carcinoma of the stomach was con- 
sidered. On April 13, gastroscopy was performed, and the diagnosis of carci- 
noma of the stomach was made. After intensive preparation the patient was 











Fig. 1.—A, marked irregularity of gastric antrum is noted. B, pathologic speci- 
men. 


operated on eight days later. Dr. Rogers will present the operative findings. 
The postoperative course has been stormy 

Dr. STABINS Dr. Baron, may we see the roentgenograms ? 

Dr. GrorGE Baron (radiologist-in-chief) | have chosen a_ representative 
roentgenogram of each of the series. The one made on the patient’s admission 
in October 1947 revealed air in the peritoneal cavity. 

(Fig. 1) We examined his stomach for the first time after emergency opera- 
tion and vagotomy on Nov. 5, 1947. In retrospect, it would be difficult to say 
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that there was anything abnormal about the gastric antrum. However, I believe 
that the radiologist was influenced by the history of the perforation and the 
operative procedures, and not much was made of the ragged appearance of the 
gastric antrum. 

(Fig. 2) He was again examined on Feb. 20, 1948. At that time the gas- 
tric antrum looked irregular. I would think that on looking at it one would 
have suspected a malignant tumor. There was 40 per cent retention at five 
hours. The comment was that the patient had a normally functioning gastro- 
enterostomy opening. 

The fourth time that he was examined was on Aug. 26, 1948. At that time 
he had so much retention of food and secretion in his stomach that I felt it was 
not wise to comment on whether or not a lesion was present. Some barium sul- 
fate was going out through the gastroenterostomy opening, however. The staff 





Fig. 2.—A, irregularity of gastric antrum and normally functioning gastro 


enterostomy opening. 8B, retention and gastric contents. 


was advised to put a tube down, remove the gastric contents and submit the 
patient for a repeat roentgen examination. He returned in about two weeks, 
and his stomach was again examined. There was 15 per cent retention in five 
hours, and a ragged and irregular lesion, apparently progressing up the body 
of the stomach, was seen. At that time it was stated that no comment could be 
made on what was in the gastric antrum since no barium sulfate entered it 
Nothing resembling a mucosal pattern could be perceived. 
Thus far no mass was palpable. 


(Fig. 3) When the patient presented himself the last time it was obvious 


that he had a large mass at the gastric antrum. The pattern in the antral region 


was markedly distorted. 
In reviewing all the roentgenograms, my conclusion was that the lesion cer- 
tainly looked like an advanced malignant tumor’ of the stomach. However, in 
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view of the operative procedure performed, I believe twenty years previously, 
followed by perforation within the last year or so, and a vagotomy (with reten- 
tion over a long period), I found it difficult to say that these factors were not 
influencing the picture, and that was as far as I could go. 

Dr. Stasins: Prior to his last operation, the patient was subjected to gas- 
troscopy by Dr. Segal. Is Dr. Segal here? 

Dr. Harry Secat (attending physician): The gastroscopic examination 
revealed an intensive carcinoma which involved most of the antrum and extended 
to the upper part of the midstomach. At this point an atrophic mucosa became 
apparent. 

Dr. Stasins: Dr. Rogers performed the most recent operation on the 
patient. Dr. Rogers! 

Dr. Lioyp Rocers (resident surgeon): There was a large carcinomatous 
mass which seemed to arise from the antrum of the stomach and involve the 





Fig. 3—A, irregularity of gastric antrum and body. B, distortion of the mucosal 
pattern. 


entire stomach along the lesser curvature to approximately an inch (2.54 cm.) 
of the cardia and along the greater curvature to about 2 inches (5.08 cm.) of the 
cardia. Bound into the mass with the extension of the carcinoma was the whole 
jejunum with its mesentery at the site of the gastrojejunostomy, and the trans- 
verse mesocolon was well infiltrated. Also there was a perforation in the antral 
region, which was walled off to the right lobe of the liver and involved a consid- 
erable area of the liver in direct extension. 

It was felt that there was no simple palliative procedure that we could use, 
so I resected the stomach, with the exception of about 1 inch (2.54 cm.) at the 
lesser curvature side and about 1% inches (3.8 cm.) at the greater curvature 
side, and also (en bloc) the jejunum, the transverse mesocolon and most of the 


transverse colon, with some of the omentum which was attached to that portion 
of the transverse colon. I reanastomosed the jejunum by means of an end to 





SURGICAL CLINICS 1025 


end anastomosis and then brought up a loop of jejunum distal to the site of 
this and anastomosed it to the stomach. Then finally I resected a wedge of 
the liver which was involved in this direct extension. The procedure took 
about nine hours, and the patient got about 2,500 cc. of blood. 

Dr. Stasins: Dr. Jones! 

Dr. CHESTER JONES (assistant resident in pathology): (Fig. 1B) This 
was a large specimen. The entire stomach measured 20 cm. in length. It was 
opened posteriorly. In this area there was a 3 by 3 cm. perforation which was 
along the lesser curvature. The whole antral end, which Dr. Baron has shown 
you in the roentgenograms, was a solid mass. Beginning here is an area of ulcer- 
ation proximal to the jejunum. On section through the entire distal portion of 
the stomach there was hard gray tumor tissue invading the entire wall. This 
tissue completely surrounded the gastrojejunostomy opening but did not extend 
into the jejunal mucosa at all. There was 14 cm. of attached transverse colon 
down in this area, with mesocolon. It was normal when it was opened. 

There was 13.5 Gm. of liver received. This, as Dr. Rogers has told you, 
was involved in the direct extension of tumor tissue. Also received was a small 
(1.5 by 1.5 cm.) lymph node, which obviously was involved in the tumor and 
which I understand was a regional node. On section of the tumor tissue in 
the stomach, the wall was found to be invaded by an anaplastic type of cell. 

Dr. StaBins: This interesting case is now open for discussion. 


Dr. W. J. Merte Scott (associate professor of surgery): This case dramat- 
ically illustrates the dangers inherent in any chronic gastric ulcer. The operator 
was apparently doubtful as to the location of the ulcer at the first operation. In 
retrospect, it is obvious that the ulcer was definitely gastric in location, and any 
chronic gastric ulcer is suspected of being carcinomatous until it is proved to be 
benign. The practical clinical application of this rule is sometimes difficult. 

At one time surgeons advised resection of any stomach that contained a 
gastric ulcer. Perhaps in this way a few patients with resectable carcinomas of 
the stomach could be saved; however, this rule is probably too drastic, because 
there are many benign ulcers of the stomach that do not need resection. 

A number of years ago we adopted a rule in the clinic at the Strong Memorial 
Hospital, patterned largely on the advice of Lahey and Jordan, that has enabled 
us to differentiate most of the tumors that eventually prove to be malignant. All 
chronic gastric ulcers that respond promptly and effectively to medical treatment 
with complete healing are considered to be benign. If on adequate treatment a 
patient who has had what appears to be a chronic gastric ulcer does not promptly 
respond or ever has a recurrence while being treated, carcinoma is immediately 
suspected and operation is advised. 

In a case like this, it is difficult to apply the rule. At the time of operation 
the process was considered to be a duodenal ulcer that had perforated, and appar- 
ently there was no suspicion that it was a malignant lesion. I think that it was 
a mistake to carry out a vagotomy. Vagotomy should never be carried out 
when it is not certain that the ulcer is in the duodenum on account of the danger 
of a malignant ulcer in the stomach. Dragstedt recently reported before the 
American Surgical Association the actual occurrence of gastric ulcer following 
vagotomy for duodenal ulcer. This occurrence has been limited in his experience 


to cases in which adequate surgical drainage of the stomach has not been per- 


formed. I have always, after the first 25 cases, insisted on doing a drainage 
operation for duodenal ulcer when vagotomy is carried out. 
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The patient being discussed evidently had a malignant ulcer at the time of 
operation, which perforated freely and without obvious definite signs of malig- 
nancy. Such a free perforation without telltale evidence of malignancy occurs, 
although not too frequently. Dr. Mider and I reported several years ago a 
similar case in which free perforation had occurred. There was no induration 
around the ulcer. Closure was done, and the patient was followed. There was 
no evidence of any further trouble until two years later, when he began to 
have a little pain and had a gross gastric hemorrhage. He also was found at 
that time to have an ulcer of the stomach which was definitely malignant. It 
was identified by the sutures on the serosa as the ulcer that had perforated two 
years previously. 

So the ulcer of the stomach, even if it appears to be benign and perforates 
without evidence of malignancy, is suspected of being a carcinoma, and, this 
case dramatically illustrates it. 

Dr. StaBins: Does anyone else care to discuss this case? 

Dr. JoHN SCHILLING (assistant professor of surgery): Dr. Jones, did the 
cancer extend into the jejunum? 

Dr. Jones: It stopped sharply at the jejunostomy opening. I had a section 
right up at the junction, and it appeared to stop at the jejunum. 

Dr. SCHILLING: Here is a cancer that will perforate and extend into various 
organs and yet the jejunum, which is anastomosed to the stomach, seems to con- 
tain some antisubstance which prevents the extension of the tumor into it. 

Dr. Seca: If a well functioning gastroenterostomy opening is present, the 
ulcer usually heals on the duodenal side and symptoms develop many years later. 
The new condition may be ‘gastric cancer or a jejunal ulcer. If a duodenal ulcer 
is active, a gastric cancer is usually not present. 

This patient probably had a duodenal ulcer a number of years ago, for which 
he underwent gastroenterostomy. With the present findings of a malignant 
growth, the duodenal ulcer should have been healed. Was the duodenum normal 
at the time of resection? Did he have any old scars there or any new ulcers? 

Dr. Stasins: Dr. Rogers, do you want to comment on the duodenum at the 
time of operation? 

Dr. Rocers: The first portion of the duodenum around the pylorus was so 
involved with carcinoma that I could not tell whether there had been a previous 
duodenal ulcer or not. Certainly the present ulcer perforation, which was 
walled off to the liver, was gastric. 

Dr. Epwarp DovuGtas (attending surgeon): I should like to ask Dr. Scott a 
question in connection with vagotomy. We know that the incidence of the devel- 
opment of carcinoma of the stomach is greater in cases of pernicious anemia 
when there is associated achlorhydria. I wonder if anything has been done in 
an investigative way or if Dr. Scott has any impressions about vagotomy being 
responsible for the development of carcinoma of the stomach on the basis of 
achlorhydria. 

Dr. Scorr: I do not know of any clinical or investigative work on this 
point. The notion has occurred to us. However, I do not feel that it is a real 
danger, because true achlorhydria does not follow vagotomy. Suppression of 


the cephalic stage of gastric secretion of acid occurs, yet there is acid produced. 


A normal acid-producing mechanism is still present in the cells. I believe that if 
there is an association of achlorhydria preceding the development of certain malig- 
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nant processes of the stomach, there must be a definite change in the acid-produc- 
ing mechanism rather than merely a reduction in the amount of acid produced. 

Dr. Stasins: Are there any other questions? 

Dr. WALTER GUNKLER (instructor in surgery): Dr. Scott, when you say 
that a gastric ulcer which does not heal promptly under medical treatment is sus- 
pected of being a cancer, what do you mean by that in terms of the passage of 
time? 

Dr. Scorr: We usually insist on disappearance of symptoms within two 
weeks and a marked change in the niche, if it can be visualized, within three 
weeks and then persistent following of the case until the ulcer is completely 
healed. Even then, it is not guaranteed that there will not be an occasional 
malignant ulcer which will deceive one. Several years ago Graham reported a case 
in which the tumor apparently healed completely and then later broke down and 
was found to be malignant. Most of the malignant ulcers will be discovered 
fairly promptly, and no serious loss of time will be entailed. 

Dr. Hrotre R. Ziecrer (attending surgeon, Highland Hospital) About a 
week ago Dr. Pack, of Memorial Hospital in New York, talked on the subject 
of gastric carcinoma. I recall that he mentioned this very problem and the ques- 
tion of how one could tell, roentgenologically or otherwise, when an ulcer of the 
stomach was healing. He brought up the point that the depth of the ulcer could 
actually be filled with carcinomatous tissue and provide the roentgenologist with 
evidence that the ulcer was .healing when actually it was not. He stressed 
strongly that not only should the depth of the ulcer fill but the width of the ulcer 
should become narrow before one would be safe in assuming it was benign. 

Dr. Stasins: Dr. Baron, would you care to comment on that? 

Dr. Baron: No, thank you. 


Dr. Stapins: Are there any other questions? If not, we shall discuss the 
second case. A follow-up report on a patient who has been presented at this 
joint conference twice previously will be given. Dr. James! 

Dr. W. L. JAMes (assistant resident surgeon): The patient, a 51 year old 
white married woman, was first admitted to the Genesee Hospital on Jan. 4 
1948, for biopsy of a bone lesion in the left femur. 


The history dates back to December 1946, at which time she had an attack 
of acute pain low in the back while lifting a piece of furniture. Pain in the back 


partly subsided, but she noted tiredness and numbness and finally a dull, heavy 


ache in her left thigh and leg, especially on standing for any length of time 
At this time roentgenograms of the lumbosacral area and the pelvis were essen- 
tially normal 

She was treated conservatively. However, the pain persisted thorughout 1947, 
and she was reexamined in the fall. Again the roentgenograms of the lumbo- 
sacral area were normal, and that of the left femur disclosed a circumscribed, 
destructive lesion in the lower third of the bone. A survey of the bones was 
reported to show no other lesions. 

The family history, past history and a systemic review were essentially non- 
contributory except for a subtotal thyroidectomy performed in 1935, after which 
routine pathologic examination of the gland revealed carcinoma, for which she 
was given massive doses of roentgen rays. After radiation myxedema developed, 
which has been adequately treated with thyroid extract, 3 grains (0.19 Gm.) 
daily. An operation for ectopic pregnancy was performed in 1921, hemorrhoidec- 
tomy in 1938 and cholecystectomy in 1942. 
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The physical examination on this admission revealed a normal condition. The 
blood pressure was 138 systolic and 84 diastolic. The patient was not acutely 
ill. The positive physical findings were limited to the skeletal system, where 
some tenderness was noted over the lumbar vertebrae and the sacroiliac joints. 
Examination of the extremities revealed no pain or tenderness, atrophy or deform- 
ities. Neurologic examination showed no abnormalities. Laboratory study 
showed a white blood cell count of 7,950, a red blood cell count of 5,640,000 
and a hemoglobin content of 16.5 Gm. There was a normal differential count. 
Urinalysis and serologic tests gave negative results. The nonprotein nitrogen 
content was 28 mg. The serum calcium content was 10.8 mg., the serum phos- 
phorous 3.4 mg., acid phosphatase normal and the alkaline phosphatase 2.0 to 3.3 
mg. Urine calcium was 0.01 Gm. per hundred cubic centimeters, with a twenty- 
four hour excretion of 0.179 Gm. of calcium. 

Course in the Hospital—On the day after admission a biopsy of the femur 
was performed, which revealed metastatic carcinoma of the thyroid gland. The 
patient’s postoperative course was uneventful. She was discharged with a 
brace until such time as a course of therapy could be decided on. 

A month after her discharge a tracer dose of radioactive iodine was admin- 
istered, which revealed a small take-up of the substance by the tumor area but 
not sufficient to warrant a therapeutic dose of the material. 

Accordingly, she was readmitted on April 25, 1948, for resection of the lesion 
and a bridge bone graft, the procedure being performed five days later, with 
removal of a lesion measuring 11.5 by 5 cm. and reconstitution of the femoral 
shaft with massive tibial grafts taken from both tibial crests. She was immo- 
bilized in a double hip spica, and except for an infection of the urinary tract 
which responded satisfactorily to treatment, her postoperative convalescence was 
satisfactory. 

Roentgenograms of the grafts on the tenth week showed little substantial 
regeneration of bone but excellent alinement of fragments. A double spica was 
reapplied at this time, and she was discharged, two and a half months after her 
admission. 

Six months after this operative procedure the patient was again readmitted 
(October 1948), at which time the graft was found to be clinically stable and 
there was limited motion of the knee. She was able to raise the leg without 
pain or tenderness. Roentgenograms at this time showed good alinement, with 
viability of the fragments, but no exuberant callus was present. There was some 
fixation of the quadriceps muscle about the operative site. The cast was removed, 
and she was allowed to walk on crutches. 

She was readmitted in December 1948 for roentgenologic study, which showed 
considerable callus being laid down about the bony grafts. There was a question 
of fracture of one of the fragments. Accordingly, a single walking hip spica was 
applied, and she was discharged and followed in the outpatient department. In 
February 1949 the spica was removed, and roentenograms showed good aline- 
ment of the fragments, with moderate osteoporosis of the grafts and the distal 
head of the femur. She was given a walking caliper and instructed to use a 
removable plaster splint at night. 

About six weeks ago she began bearing weight on the leg of her own volition 
and discarded the use of the plaster splint, and she has been walking on crutches. 
At the present time examination of the femur shows good alinement and viability 


of the fragments, with evidence of added healing. There is a questionable spring 
on passive motion of the distal fragments. No pain or tenderness can be elicited 
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in the area, and the knee joint can be actively flexed about 30 degrees. Straight 
raising of the leg can be performed well, and the quadriceps group of muscles 
perform actively. 

Dr. Stasins: Dr. Baron, will you comment on the roentgenograms? 

Dr. Baron: (Fig. 4) These show the lesion on the patient's admission, 
a rarefying lesion in the lower third of the femur with rather coarse trabecular 
bone in it. Apparently there was some thinning of the inner cortical aspect of 
the bone. There was no soft tissue mass around it. There was considerable 


Fig. 4.—A, rarefying lesion in the lower third of the femur. 8B, anteroposterior 
view taken at the same time as A. 


discussion of the diagnosis at the time, but the commonest opinion was that it 
was a metastatic lesion. 

(Fig. 5) The next roentgenograms were taken shortly after resection was 
performed. You see the grafts and bone chips in place. 

(Fig. 6) The last roentgenograms that I have to show are the most recent 
that have been taken. There is considerable production of bone around the 
grafts. 

Dr. STaBIns: Dr. Egel! 

Dr. NorMAN Ecet (chief of orthopedic service): This case was first pre- 
sented for discussion of possible methods of treatment. I think it will be recalled 
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that the question of amputation was brought up. The patient, however, pre- 
sented a current solitary lesion, rather extensive, limited to the distal end of 
the femur, so far as we could make out. She indicated her willingness to coop- 
erate in a program in which no pains were spared to tell her what would be 
involved—a prolonged course of treatment. The decision was left entirely to 
her of whether or not she would choose to accept amputation high in the thigh 
or a trial procedure which, should it fail, would still leave her the alternative 
of an amputation, and she selected this procedure. 





Fig. 5.—A, anteroposterior view showing bone graft and chips in place. B, 
lateral view taken at the same time as 4. 


We have, then, a patient in whom massive resection of a lesion in the distal 
end of the femur, with bridging bone grafts, was performed. It is still only a 
year since this procedure was carried out, and I think perhaps at least another 
year must pass before any final evaluation can be made of the success of the entire 
operation from the point of view of both bone regeneration and ultimate recovery 
of function. 

Clinically, there is about three-eighths of an inch (0.96 cm.) of measured 
shortening. At the time of operation we made an attempt to restore length 
by substituting a bridging graft of the exact dimensions of the segment removed, 


but at the lower insertion of the compression graft there has been absorption 
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between the condyle, so that the graft has pressed down on the substance of the 
latter and thus shortened the over-all length of the ‘eg. The patient does not 
stand with her whole weight on the left foot; her greater weight is borne on the 
right leg, and she is experiencing some of the discomfort that goes along with 
increased function, namely, knee pain. When she stands to wash dishes at the 
sink, her weight is shared approximately equally on both legs. When she walks, 
she spares the left leg and probably puts about 25 per cent of her weight on it. 
Would you say so, Mrs. H.? 


PATIENT: Yes. 


Fig. 6—A, new bone being laid down. 


B, anteroposterior view taken at the 
same time as A. 


Dr. Ecet There has been some question in our minds of whether or 


the union of the graft at its distal insertion is actually solid. I 
there is any question about the upper insertion. 


not 
do not think 
We have attempted to make 
stress films in an effort to prove motion at the distal insertion, without too much 


success. 


(Raise your leg up to your knee. Extend it, Mrs. H.) 


For purpose of practicality, I think it can be said that there is a fairly stable 
union. 


(Bend your knee, Mrs. H.) 
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She has about 10 to 15 degrees of knee motion, and it is probable that ulti- 
mately there will be a little bit more than that. It is difficult to be really cer- 
tain that there is motion there. There is the likelihood of some spring or give 
at the distal graft insertion. 

On the whole, we feel rather optimistic about the ultimate prospects in this 
case, but it is going to take several months yet before any final evaluation can 
be made. 

Dr. Stasins: Before we throw this case open to general discussion, there 
is a pathologic report to be given. Dr. McKee! 

Dr. Frank McKee (pathologist-in-chief): (Slide) This is a picture of the 
gross specimen and shows the bone in the external aspect. The segment meas- 
ured 11.5 cm. in length and on the outer surface showed no damage except a 
healed area where a previous curettage of the marrow had been carried out. 


(Slide) Here is a cross section of the bone. The white fibrous area repre- 
sents the portion of the tumor that was removed four months previous to this 
resection, at which time the diagnosis of metastatic carcinoma was confirmed. 
At each end of the segment is approximately 1 to 2 cm. of normal bone mar- 

= 


row, and then there is this segment, about 7 to 8 cm. in length, of red, pulpy, 
glistening tissue which, in the fresh condition, is not unlike thyroid tissue. 


(Slide) This is a photomicrograph of the tumor. You can see the small 
acini that are formed in the tissue. The general appearance is such that if one 
were not aware of where the section had been taken one would think that it was 
thyroid tissue. 

(Slide) The high power photomicrograph shows the acini, some of which 
contain eosinophilic colloid. There is a fair amount of hemorrhage. The tumor 
is well vascularized, and the individual cells show rather dark-staining nuclei. 
The tissue certainly resembles thyroid tissue. 

Dr. Stasins: Did you have an opportunity to examine the original slides 
from the thyroid? 

Dr. McKee: Yes, we had the original slides. One could not say much about 
the malignant nature of that tumor. It was definitely a carcinoma, but the 
decision about its behavior rests solely on the future course and not on the micro- 
scopic section. 

Dr. Stapins: This case is now open for discussion. 

Dr. Joun Karr (radiotherapist at Strong Memorial Hospital): Among the 
therapeutic possibilities was the use of radioactive iodine in the control of this 
metastatic tumor. From examination of the section, it was impossible, as it 
usually is, to predict what amount of take-up of the radioactive iodine would 
occur, 

Prior to the operation, the patient was given a small amount of radioactive 
iodine and later examined with the Geiger-Miller counter. There was a high 
degree of take-up of the material in the thyroid area. Various areas in the body 
were examined, but of particular interest were the comparable areas in the lower 
region of the thigh. There was some difference in the take-up of the radio- 
active iodine, it being somewhat greater on the affected side than on the normal 
side. This difference, however, was not much, and it was our feeling, in conjunc- 
tion with Dr. Egel and other persons interested in this patient, that the use of 
the radioactive iodine for control of the tumor did not seem feasible. 


Dr. Stasins: Does anyone else care to comment on this case? 
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Dr. RoLanp STEVENS (assistant surgeon, Strong Memorial Hospital): I am 
wondering whether it is feasible to use thyrotropic hormones in an instance like 
this to see if they would take up the iodine. 

Dr. Karr: It would probably be feasible. In this instance it was not cone. 

Dr. Stapins: Are there any other questions or comments? If not, we will 
turn to the last case of the morning, which is to be presented by Dr. Blanchet. 

Dr. Harvey BLANCHET (intern in surgery): The patient is a 32 year old 
white housewife who was first seen in this hospital in May 1945 with the chief 
complaint of irregular menstrual periods. For the previous four years her men- 
strual intervals had been gradually decreasing, until on admission menstruation 
occurred every nine to ten days. 

Physical examination at that time revealed only a mass in the left adnexal 
region. At operation a cystic mass was found surrounded by dense pelvic adhe- 
sions. Salpingo-oophorectomy was performed on the left side. Grossly the mass 
appeared to be made up of numerous cysts filled with liquid, chocolate material, 
but the pathologic sections revealed only acute inflammatory reaction and ovarian 
tissue. Since this operation her periods have been present every two weeks, 
with gradual decrease from the normal of five to two or three days’ duration. 
She has had metrorrhagia rarely and occasional dysmenorrhea. She has never 
been able to become pregnant. 

Follow-up examination revealed recurrence of a mass in the left adnexal region 
five months ago. 

The patient was readmitted in January 1949. For two weeks immediately 
before her admission she had what she calls “intestinal flu,” with a persistent 
nonproductive cough and frequent (six to seven) nondiarrheal bowel movements 
every day during this period. There had been no melena. 

Physical examination revealed a well developed, well nourished white woman 
with a mild chronic illness. There was no local lymphadenopathy. The 
heart and lungs were normal. The abdomen was flat, with a well healed supra- 
pubic midline scar. No organs, masses or tenderness was felt. Pelvic examina- 
tion revealed a 6 by 6 cm. mass in the left adnexal region. Rectal examination 
confirmed this finding. No intrinsic rectal lesion was felt. Laboratory studies 
showed normal values. 

On the seventh day in the hospital a pelvic laparotomy was performed. Diffuse 
pelvic adhesions were present. The bladder, uterus and sigmoid were densely 
adherent on pelvic examination. When the adhesions were freed, an annular 
constricting type of lesion was found in the distal portion of the sigmoid. A sub- 
total hysterectomy and a salpingo-oophorectomy on the right side were per- 
formed, and the abdomen was closed. The postoperative course was uneventful. 

Six days later, after intensive preparations, a second operation was done. 

Dr. Stasins: Dr. Snow! 

Dr. Suircey R. SNow Jr. (obstetrician and gynecologist-in-chief): The 
gross findings at the first operation were typical of endometriosis, contrary to the 
pathologic diagnosis, a not infrequent discrepancy. There were multiple chocolate 
cysts, eroding in type, with actual growth to surrounding organs rather than 
adhesions. These had to be removed by sharp and blunt dissection, and it was 
felt that possibly a little bit of ovarian tissue remained in the left side of the 
fornix. It was obvious that there were implants of endometriosis on the sigmoid 
after it had been freed from the uterus at about the level of the internal os. 
The right ovary showed a few seedlings of endometriosis. Because of the 


patient’s age and her desire to become pregnant, the right tube and ovary were 


left. 
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The follow-up showed that within a year she had another mass in practically the 
same place where the original one had been, i. e., in the left side of the fornix, which 
was soft and cystic but definite and adherent to the uterus. The patient was followed 
for three years, and during that time the mass varied in size. 

The menstrual history was irregularity in addition to frequency. Metrorrhagia 
was a notable symptom. She had bouts of pain in the left lower quadrant, which 
occurred in the premenstrual period. Because of the fact that at the last examination 
the mass was increasing in size, it was felt best to investigate again. A second 
operation was done, and practically the same findings, except for the lack of one 
ovary, were noted. The sigmoid, again just above the junction with the rectum, was 
densely adherent to the uterus, so that it had to be carefully dissected free. When 
this was done, violaceous blebs were seen on the external surface of the sigmoid. 
Grossly, the lesion was a typical annular constriction, entirely surrounding the 
intestine, and a finger could not be put through the lumen. 

Immediately a general surgeon was called, while a subtotal hysterectomy and 
salpingo-oophorectomy on the right side were done. After inspection by the general 
surgeon, the abdomen was closed and the patient prepared for intestinal resection. 

I will ask Dr. Stabins to continue the discussion of this case. 

Dr. Stapins: I saw this patient for the first time in the operating room. At 
that time, as has been described, there was an annular mass in the region of the 
lower sigmoid. If one had not known that the patient had endometriosis, one 
would have said without any doubt that a carcinoma of the sigmoid, annular in 
type was present. Even with the diagnosis pretty well established, it was my 
feeling that the changes in the sigmoid had progressed to such an extent that they 
were probably irreversible, and although it has been reported many times that 
after castration there is a tendency for the process to quiet down, I felt that we 
should resect the bowel. The resection was done six days later, and, as has been 
reported, the patient made an uneventful recovery, 

There were some pathologic specimens, on which Dr. McKee may comment. 

Dr. McKee: (Slide) This is a section of the colon, which measured 17 cm. in 
length. One sees the constricting band which was present 7 cm. from one end of the 
resection. On the surface of the colon are numerous dark firm hemorrhagic areas 
measuring up to 1 cm. in diameter. 

(Slide) This is a section of the mucosa of the colon which was entirely intact 
throughout the resected portion. 

(Slide) This is a picture taken of the gross specimen after fixation, which 
accounts for the change in color. One sees here the U-shaped constriction, this 
being the mucosal surface and this the serosal surface. The tumor consists of rather 
translucent, grayish, firm tissue. Incidentally, we have the gross specimen here, if 
anyone is interested in seeing it. 

(Slide) This is a microscopic section showing the normal colonic mucosa and 
then, in the submucosa and practically up in the muscularis mucosa, this area of 
glandular endometrium. 


(Slide) This is a high power photomicrograph, showing two of the large 
glands and a small portion of endometrial stroma. 


Dr. STABINS: The case is open for discussion. Does anyone care to comment? 
If not, we will consider the meeting adjourned. 
Che meeting was adjourned at 9:30 o'clock. 
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